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PROCESSES FOR THE MANUFACTURE OF
MACROCYCLIC DEPSIPEPTIDES AND NEW
INTERMEDIATES

This application claims benefit under 35 U.S.C. §119(e) of
U.S. Provisional Application No. 61/477,319 flied Apr. 20,
2011; the contents of which 1s incorporated herein by refer-
ence 1n their entirety.

SUMMARY OF THE INVENTION

The mvention relates to a method or process for the manu-
facture of macrocyclic depsipeptides, to new intermediates
and their manufacture, as well as related invention embodi-
ments.

BACKGROUND OF THE INVENTION

Cyclic depsipeptides have numerous uses in pharmacol-
ogy. As an example, the depsipeptides disclosed 1n WO2009/
024527 are useful for treatment of various diseases. For
example, the compound of formula II mentioned 1n WO2009/
0245277 1s usetul for the treatment and prevention of inflam-
matory and/or hyperpoliferative and pruritic skin diseases
such as atopic dermatitis, psoriasis, pustular psoriasis, rosa-
cea, keloids, hypertrophic scars, acne, Netherton’s syndrome
or other pruritic dermatoses such as prurigo nodularis,
unspecified 1tch of the elderly as well as other diseases with
epithelial barrier dysfunction such as aged skin.

Nostopeptin BN920, formerly 1solated from the cyanobac-
tertum Nostoc, was 1solated also from Microcystis.
Nostopeptin BN920 inhibited chymotrypsin with an 1C50
value of 31 nM (see J. Nat. Prod. 68(9), 1324-7 (2003)).

These compounds can be produced by fermentation (using,
chondromyces croactus, myxobacteria) along with other dep-
sipeptides comprising the so-called ahp-substructure (ahp:
3-amino-6-hydroxy-piperidin-2-one) and the corresponding
dehydro-ahp substructure (dehydro-ahp: 3-amino-3,4-dihy-
dro-1H-pynidin-2-one), also called “dehydrate” herein,
respectively. Therefore, the yield of fermentation with regard
to any single of these compounds 1s rather low.

The present invention relates to processes or methods that
allow obtaining such cyclic depsipeptides with increased
yield and/or 1n good purity.

In view of the many risks, such as epimerization, tautomer-
ization and the like 1n the synthesis of a complex molecule
with many possible 1somers, 1t has been possible to find a
manufacturing process, preferably comprising a mixture of
solid phase peptide synthesis and reactions in solution, that
allows to produce cyclic depsipeptides of formula I in good
yield and/or the required stereoisomerical purity, especially
both. It 1s possible to reduce the amount of by-products, and
even to improve yield, by converting such by-products, espe-
cially the dehydro-ahp substructure and/or an analogue of the
desired ahp-comprising products with a five-membered ring
instead of the ahp, 1nto the desired final products. This allows
to further increase yield. No synthesis has so far come to our

attention making use of solid phase peptide synthesis 1n this
field.

(1/a) In a first embodiment, the invention relates to a method
or process for the preparation of a cyclic depsipeptide com-
pound of the formula I,
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I
O
N
R, O
0 NH N R,
Ay R,
X <N N R~ (O OH O
H
O N
N Ny
H
O Rg

especially of the formula IA

IA

wherein

A, 1s a bivalent moiety of an amino acid with a terminal
carboxy or carbamoyl group, especially asparagine or
glutamine, and 1s bound at 1ts right hand side 1n formula I
(corresponding to the C-terminus) via a carbonyl (preferably
the carbonyl of an a.-carboxyl group thereof) to the rest of the
molecule; or 1s C, _g-alkanoyl or phosphorylated hydroxy-C,_
s-alkanoyl;

X 1s bound via an N of A, and 1s acyl, or 1s absent if A, 1s
C, _g-alkanoyl or phosphorylated hydroxy-C, _;-alkanoyl;

R, 1s C, ;-alkyl, especially methyl;

R, 1s the side chain of an amino acid, especially of leucine,
1soleucine or valine;

R 1s the side chain of an amino acid, preferably of phenyla-
lanine, leucine, 1soleucine or valine;

R, 1s the side chain of a hydroxy amino acid, especially of
tyrosine;

R, 1s the side chain of an amino acid, preferably of the amino
acid leucine, 1soleucine or valine; and

Y 1s hydrogen or C,_g-alkyl;
or a salt thereof,

said method comprising
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selectively deprotecting a compound of the formula 11

11

OProt
O
R 0
N
H
O NH
NH Rs*
A R,*
x+” SN ©OR* O O
H
O N
N \”Y
H
O Rg*
especially of the formula ITA
[IA
OProt
O
R3$\[)J\ O
N
H
O NH
NH  4Rs*
AF R,*
xS ©OR* O 0
H -
O ' N
\IK\N)J\r \Y
H
0 R *

wherein Prot 1s a protecting group, Y 1s as defined for a
compound of the formula I and X*, A, *, R,*, R;*, R.*, R/*,
and R,* correspond to X, A,, R,, R;, R, R, and R, 1n
formula I, respectively, but with the proviso that reactive
functional groups on these moieties (such as amino, 1mino,
hydroxy, carboxy, sulthydryl, amidino, guanidino,
O-phosphono (—O—P(=—0)(OH),) are present 1n protected
form at least 11 they could participate in undesired side reac-
tions, to result 1n a compound of the formula 111,
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(I1T)
OH
O
Ry 0
N
H
O NH
NH Rs*
AF R,*
x+” SN RO O
H
O N
N \‘Y
H
O Rg™*
especially of the formula IITA,
IIIA
OH
O
R ;* 0
N
H
O NH
NH R
AE . Ry*
xS © RO 0
H :
O ' N
\H/\N)J\r Ny
H
O R *

wheremn X*, A% R,* R;* R.*, R/* and R,* have the
meanings just defined,

reacting the free hydroxyl group under oxidizing conditions
to form a compound of the formula IV

IV
R3*\[)‘/
O NH /N
A* R>* \O
xSy Ry O
H
O
N
H
O R¢™
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IVA

ALt

7

and removing remaining protecting groups to yield a com-
pound of the formula I, or a salt thereof,

and, 1t desired, converting a free compound of the formula I,
or especially IA, into a salt, a salt of a compound of the
formula I 1into a different salt of a compound of the formula I,
or especially 1A, or into the free compound of the formula I,
or especially 1A, and/or converting a dehydrate analogue
and/or five ring analogue of a compound of the formula I, or
especially 1A, 1mnto the corresponding compound of the for-
mula I, or especially IA.

Suitable oxidizing conditions for the oxidation of a com-
pound of the formula III or especially IIIA are usually using
IBX in DMSO (J. Org. Chem. 1995, 60, 7272-72776); Pyri-
dinium dichromate or Pyridintum chlorochromate (Tetrahe-
dron Lett. 1979, 5, 399-402); oxalyl chloride, dimethyl sul-
foxide and a tertiary amine (J. Peptide Sci1. 2006, 12, 140-
146), oxoammonium salts (J. Org. Chem. 1985, 50, 1332-
1334); alkal1 hypochlorites catalyzed by oxoammonium salts
(J. Org. Chem. 1989, 34, 2970-2972); oxoaminium salts ( Tet-
rahedron Lett. 1988, 29, 5671-5672), RuCl,(PPh,), (Tetra-
hedron Lett. 1981, 22, 1605-1608); TEMPO (1 mol %) in the
presence of sodium hypochlorite (Tetrahedron Lett. 1990, 31,
2177-2180); NalO,, TEMPO, NaBr (Tetrahedron 2006, 62,
8928-8932); S10, supported vanadium(IV)oxide and
t-BuOOH (Advanced Synthesis & Catalysis 2007, 349, 846-
848). Preferably, the reaction 1s performed with IBX 1n
DMSO or preferably 1n an 1nert solvent, such as tetrahydro-

furan, 1n the presence of DMSOQO, at a temperature between
0-50° C., preferably between 20-25° C.

(11/a) A further embodiment of the invention refers to the
method or process described above, 1n addition comprising
manufacturing the compound of the formula IV or especially
IVA by a combination ol Solid Phase Peptide Synthesis (espe-
cially For synthesis of the precursor XX or especially XXA
given below for the oligopeptide precursor of the formula VIII
or especially VIIIA given below, or of the oligopeptide pre-
cursor of the formula XXIV or especially XXIVA given
below for the oligopeptide precursor of the formula XXV or
especially XXVA given below) and Solution Phase synthesis
(especially from the compounds just mentioned to the final
product) from the corresponding starting amino acids and
side chain precursors.

(111/a) Yet a further embodiment of the invention relates to a
method or process as described above, further comprising, for
the synthesis of a compound of the formula II above, reacting
a compound of the formula VI,
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VI
Prot
O
Ry 0
N
H
O NH
NH Rs*
R,*
H>N Ry () O
O N
N ™ Y
H
O Rg™®
especially VIA,
VIA
OProt
O
Ry 0
N
H
O NH
NH R
o Ry*
H,NY R7* O 0O
O : N
H
O R

wherein Prot 1s a protecting group, Y 1s as defined for a
compound of the formula I and R, *, R;*, R.*, R*, and R *

are as defined for a compound of the formula II above, with an
acid of the formula VII

VII
*®
X$$/A1x

or a reactive derivative thereof,

wherein X** 1s an amino protecting group or 1s X*, and
wherein X* and A,* are as defined for a compound ot the
formula II above; and if X** 1s an amino protecting group,
removing said amino protecting group X** to yield the
derivative of formula II (especially I11A) wherein, instead of

X* H (a hydrogen) 1s present and coupling the resulting
amino group with an acyl group X* using the corresponding
acid X*—OH wherein X* 1s as defined for a compound of the
formula II defined above, or a reactive derivative thereof.

(1v/a) Another embodiment of the mvention relates to the

methods or processes described above, especially 1n the pre-
ceding paragraph, further comprising cyclization under lac-
tamization of a linear, that 1s, not yet cyclic, precursor peptide
of the compound of the formula VI, carrying an N-terminal
amino group and a C-terminal carboxy group, under reaction
conditions that allow for the formation of an amide bond from
said amino and said carboxy group, preferably using Solution
Phase chemistry.
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Lactamizations 1n solutions are usually carried out at very
low concentrations of the substrate in order to avoid oligo-
merizations and polymenizations. This requires huge
amounts of solvents and very large reactors to carry out the
reactions. For example, the macrolactamization of an oli-
gopeptide 1s performed at a concentration of 2 mMols/liter 1n
reference Yokokawa et al., Tetrahedron 2005, 61, 1459-1480.
This difficulty can be circumvented by dissolving the tertiary

base and the coupling reagent and, 1n a controlled way adding
a solution of the oligopeptide to this solution. The controlled,
especially slow, addition of the oligopeptide-solution gener-
ates permanently low concentrations of the activated oli-
gopeptide 1n solution and thus prevents oligomerization and
polymerization. The addition rate of the oligopeptide solution
can be adjusted according to the reaction rate for the macro-
cyclization: 1f the macrocyclization i1s a fast reaction, the
solution of the oligopeptide can be added fast. If the macro-
cyclization 1s slow, the addition of the solution must be slow
to ensure permanent low concentration of the activated oli-
gopeptide. Thus the controlled addition of the oligopeptide
enables to work with much less solvent amounts and still
maintaining the concentration of the activated oligopeptide
below 107> mM, e.g. in the range from 10™* to 10™° mM or
even lower. This variant of controlled addition of the oli-
gopeptide to the coupling reagent solution 1s an embodiment
of the mvention.

(v/a) In yet a further embodiment, the invention relates to the
method or process as described above, especially 1n the pre-
ceding paragraph, where the linear (this term where used
meaning not yet cyclic) precursor peptide 1s of the formula

VI,

VIII
(OProt

\QL O

Rs*
Prot*NH )H/
O
especially VIIIA
VIIIA
OProt
OH
R3*
0 NH HN
Rs*
.h Rp*
Prot*NH™ R7%
O ’ )H/
\I(\ N
H
O
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8

wherein Prot™ 1s a protecting group that can be cleaved oif
selectively without afl

ecting other protecting groups present
and 1s stable during deprotection steps during synthesis of the
linear precursor peptide (e.g. allyloxycarbonyl) and R, *, R, *,
R.*, R/*, and R,* are as defined for a compound of the
formula VI as described above, further comprising, after
cyclisation of the compound of the formula VIII, especially
VIIIA, removing the protecting group Prot™ 1n situ to yield
the compound of the formula VI, especially VIA.

(vi/a) In another embodiment, the invention relates to the
method or process described above, especially 1n the preced-
ing paragraph, where the linear precursor peptide of the for-
mula VIII, especially VIIIA, i1s synthesized from the corre-
sponding amino acids by solid phase peptide synthesis and
subsequent cleavage from the employed solid support.

(vir/a) An embodiment of the invention further relates to the
method or process as described above (especially 1n the pre-
ceding paragraph (vi/a)), further comprising either

in a variant a), coupling an amino acid of the formula IX,

IX
R3*
O
Prot**NH
OH
especially of the formula IXA,
IXA
R;*
O
Prot™**NH
OH

wherein R,* 1s as defined for a compound of the formula II
above and Prot** 1s an amino protecting group that can be
removed on the resin without cleaving other bonds, or a
reactive derivative of said amino acid, via an oxygen to a
cleavable linker L which is bound to a solid resin RES (e.g. by
reaction with a resin of the formula (X-L) -RES wherein L
and RES are as just defined, X 1s e.g. halo, e.g. chloro, and z
1s a number larger than zero, e.g. a natural number)

and removing the protecting group Prot™*;

coupling the obtainable resin bound amino acid symbolized
by the formula X,

RES
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especially XA,

RES

10

in which RES and R;* are as defined for a compound of the
formula IX, n1s a (e.g. natural ) number larger than zero and L
1s a cleavable linker, with an amino acid of the formula XI,

15
Xl
O OH
Ry
Prot*NH 20
OH
especially XIA,
25
XIA
O OH
o R,” 30
Prot*NH®
OH

wherein Prot™ 1s as defined for a compound of the formula 35

VIII above and R,* 1s as defined for a compound of the
formula II above, or a reactive derivative of said amino acid,

coupling the obtainable resin bound dipeptide symbolized by
the formula XII,

40

X1l

O—L——RES

R,
Prot*NH
_ OH 1, 50
especially XIIA;
- - XTIA 7
R;
O
O
NH O—L—RES 60
\‘t" Rz*
Prot*NH"
OH

63
in which Prot* 1s as defined for a compound of the formula
VIl above, R,* and R, * are as defined for a compound of the

10

formula II above, and n, . and RES are as defined for a
compound of the formula X, via the free hydroxy group with
an amino acid of the formula XIII,

XIII

R
HO
NH—Prot**
O
especially XIIIA,
XIITA
R,*
HO :
\ﬂ/\ NH— Prot**
O

wherein Prot™* 1s as defined for a compound of the formula
IX and R-* 15 as defined for a compound of the formula II

above, or a reactive derivative of said amino acid, and remov-
ing the protecting group Prot™**;

or, 1n a variant b), coupling a dipeptide of the formula XX V1I,

XXVII
O OH
Ry
Prot*NH R~
O
NHProt**
O
especially of the formula XXVIIA,
XXVIIA
O OH
W R;: #
Prot*NH® R7
O -
\I‘(\N} Prot**
O

wherein R,* and Prot** are as described for a compound of
the formula IX, especially IXA, and Prot™* 1s as defined for a
compound of the formula VIII above, or a reactive dertvative
of said dipeptide, to an amino acyl moiety, bound via an

oxygen to a cleavable linker L which 1s bound to a solid resin
RES, having the formula X,
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) _ X
R;"
O
H,N
i O—L:: RES
especially XA,

XA

O—Lo=—RES

that can be obtained as described under variant a), 1n which
RES, and R, * are as defined for a compound of the formula IX
and L and RES are as just defined; and removing the protect-
ing group Prot™*;

and, after the reactions of variant a) or of variant b),

(viii/a) coupling the obtainable compound of the formula
X1V,

_ _ XIV
R3
O
O
NH
O—L RES
Ry
Prot*NH R;"
O
NH,
I— O — }]
especially XIVA,
B B XIVA
R3
O
O
NH
O—L—"RES

R,

whereimn R, *, Ry* and R-* are as defined for a compound of
the formula II above, Prot™ 1s as defined for a compound of the
formula VIII above and n, L. and RES are as defined for a

compound of the formula X, with an amino acid of the for-
mula XV,
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XV
O Prot™*
N
HO Sy
Rg*
especially the formula XVA,
XVA
O I“mt**
N
HO Sy
Rﬁ*

in which R * and Y are as defined for a compound of the
tormula II above and Prot™** 1s as defined for a compound of
the formula IX above, or a reactive derivative of said amino
acid, and removing the protecting group Prot™*;

(1x/a) preferably coupling the obtainable compound of the
formula XV]I

XVI
_ . —
R3*
O
NH Q=——L=—1—REDd
R,*
Prot*NH Ry O H
O N
N ~ Y
H
O Rg™
especially the formula XVIA,
XVIA
O
R3*

O L RES

O H

N

™ Y
Rg*

wherein Y, R,*, Ry*, R,* and R * are as defined for a com-
pound of the formula II above, Prot* 1s as defined for a
compound of the formula VIII above and n, L and RES are as

defined for a compound of the formula X, with an amino acid
of the formula XVII,
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XVII

Prot**-NH Rs*

O
HO
especially formula XVIIA,
XVIIA
Prot®**-NH Rs*
O
HO

wherein R.* 1s as defined for a compound of the formula II
above and Prot™* 1s as defined for a compound of the formula
IX, or a reactive dertvative of said amino acid, and removing
the protecting group Prot™*,

and preferably

(x/a) finally coupling the resulting compound of the formula
XVIII,

XVIII

R3* O L RES

NH O ILN R

R, )

Prot*NH R7 O O
O N
\I‘KL\NJ\( "\Y
H
O R
especially XVIIIA,
XVIIA

RES

wheremn Y, R,*, R;*, R,*, R * and R.* are as defined for a
compound of the formula II above, Prot* is as defined for a
compound of the formula VIII above and n, L and RES are as
defined for a compound of the formula X above, to an unnatu-
ral amino acid (=synthon) of the formula XIX,
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XIX
Prot™*
~ NH
HO OProt
O
especially the formula XIXA,
XIXA
Prot**
~ NH
HO OProt
O

wherein Prot 1s as defined for a compound of the formula 11
above and Prot™* 1s as defined for a compound of the formula
IX, or an activated dervative of said synthon, and removing

the protecting group Prot™* to yield a compound of the for-
mula XX,

XX
_ o _
O—L——RES
OProt
R3* O
O
NH H,N NH _Rs*
R,* .
Prot*NH R7 O O
O N
H
0O R
H
especially XXA,
XXA
_ 5 -
O L RES
OProt
Ry 0
O
NH H;N NH Rs*
" R,*
Prot*NH™ RO 0
O : N
\ﬂ/\ N J\r Ny
H
O R*
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wherein Prot, Y, R, *, Ry *, R, *, R.* and R * are as defined for

a compound of the formula II above, Prot* 1s as defined for a

compound of the formula VIII above and n, L and RES are as

defined for a compound of the formula X,

and

(x1/a) cleaving the solid phase bound peptide 1n formula XX

off the solid phase L-RES to yield the corresponding com-

pound of the formula VIII, especially VIIIA, as shown above.

Another embodiment of the invention relates to the synthe-
s1s of a compound of the formula II as given above according
to section (1/a), preferably preceded by the reaction according,
to section (11/a) or more preferably according to section (111/a);
preferably preceded by the reaction according to section (1v/
a) or prelerably (v/a), preferably preceded by the reaction
according to section (vi/a), preferably preceded by the reac-

tion according to section (x/a), preferably preceded by the

reaction according to section (1x/a), preferably preceded by
the reaction according to section (viii/a), preterably preceded

by the reaction according to section (vii/a).

(1/b) Another embodiment of the invention relates to a method

or process above, comprising, for the synthesis of the com-
pound of the formula II given above, cyclization under lac-
tamization of a linear, not yet cyclic, precursor peptide of the
compound of the formula II, carrying an N-terminal amino
group and a C-terminal carboxy group, under reaction con-
ditions that allow for the formation of an amide bond from

said amino and said carboxy group, preferably using Solution
Phase chemistry.

(11/b) A further embodiment of the invention relates to the
method or process according to the preceding paragraph (1/b),

where the linear precursor peptide 1s of the formula XXV,

XXV
(OProt
O
R OH
O
H>N
O NH N .
5
A RH*
X*/ JME ’ R7* O O
O N
) I
O R¢™
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especially XXVA,
XXVA
OProt
OH
R5*
O
H,N
O NH
Rs*
% . %
o v Al ~ N\\“' R R*
i :
4 :
\[(\ N
H
O

wherein X*, A, * R, * R,* R./* R * R,* and Prot are as
defined for a compound of the formula II above.

(111/b) Another embodiment refers to the method or process
according to the preceding paragraph (11/b), further compris-
ing, for the synthesis of the compound of the formula XXV,
cleaving a compound of the formula XXIV,

XXIV
_ o —
O—L RES
OProt
R3* O
O
NH Prot**NH NH R*
10 "'\./ 5
- ~ 3
X N R7 O O
H /
O\[H\N N
H
O Rg*
especially XXIVA,
XXIVA
RES
OProt
NH Prot**NH
- /A l’iN\w.
; )JY
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wheremn X*, A * R,* Ry* R.™, R, R,* and Prot are as
defined for a compound of the formula II above, L 1s a cleav-
able linker, RES 1s a solid resin, n i1s a natural number and
Prot** 1s an amino protecting group that can be removed
without parallel removal of the protecting group Prot and with
the product remaining on the resin, and (before the cleavage,
in parallel or subsequently to it) removing the protecting
group Prot** to yield the compound of the formula XXV.

(1v/b) A further embodiment of the mmvention relates to the
method or process according to the preceding paragraph (111/
b), turther comprising, for the synthesis of the compound of
the formula XXIV, coupling an amino acid of the formula
XIX,

XIX

Prot™®*
NH
HO OProt,
O
especially XIXA,

XIXA

Prot™s
SNH
HO OProt

O

wherein Prot 1s as defined for a compound of the formula II
above and Prot™* 1s as defined for a compound of the formula
XXIV above, or an activated derivative of said amino acid,
with a compound of the formula XXIII,

(XX
R,* O—L RES
O >_/
NH O
. H,N R<*
=" Al “ R*Z#=
X N R* O
H O
O N
\I‘H\ N /U\( - %
H
O R¢"
H

5
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especially XXIIIA,

IA

RES

wherein X*, A *, R,*, R,;* R.*, R* and R,* are as defined
for a compound of the formula II above, L 1s a cleavable
linker, RES 1s a solid resin, and n 1s a natural number.

(v/b) Yet a further embodiment of the invention relates to the
method or process according to the preceding paragraph (1v/
b), further comprising, for the synthesis of the compound of

the formula XXIII, coupling an amino acid of the formula
XVII*

XVIIx
Prot*™*—NH REH
O,
HO
especially XVIIA*,
XVIIA*
Prot™*-NH Rs5"
O
HO

wherein R.* 1s as defined for a compound of the formula 11
above and Prot*** 1s an amino protecting group that can be
cleaved off selectively without affecting other protecting
groups present and with the product remaining on the resin, or
a reactive dertvative of said amino acid, with a compound of

the formula XXII,

XXII

RES
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especially XXIIA

XXIIA

wherein X*, A * R,* R * R * and R-* are as defined for a
compound of the formula II above, L 1s a cleavable linker,
RES 1s a solid resin, and n 1s a natural number, and removing
the protecting group Prot™®**,

(vi/b) In yet a further embodiment, the invention relates to the

method or process according to the preceding paragraph
(v/b), further comprising, for the synthesis of the compound

of the formula XXII, coupling an amino acid of the formula
XV,
XV
O Prot™*
N
HO \\Y
R¢*
especially XVA*
XVAx
O I"mt’“’*
N
HO ~~~\‘Y
R6$

in which R * and Y are as defined for a compound of the
formula II above and Prot*** 1s an amino protecting group
that can be cleaved off selectively without affecting other
protecting groups present and with the product remaining on
the resin, or a reactive derivative of said amino acid, with a
compound of the formula XXI,

X X1

R;* O

O
NH O—L RES,
AT R,

X* N R*

H
O
NH,
O
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especially XXIA,

XXIA

L RES

wherein X*, A, *, R,*, R;* and R-,* are as defined for a
compound of the formula II above, L 1s a cleavable linker,

RES 1s a solid resin, and n 1s a natural number, and removing
the protecting group Prot™**,

(vir’b) Another embodiment of the mvention relates to the
method or process according to the preceding paragraph (vi1/
b), further comprising, for the synthesis ol a compound of the
formula XXI, reacting an amino acid of the formula XIIT*,

XIIT*

HO
NH-Prot™*

especially XIITA*,

XIIIA®

3

-

HO
\"/\NH—Pmt***

O

1] Pd

wherein Prot™** 1s an amino protecting group that can be
cleaved off selectively without affecting other protecting
groups present and with the product remaining on the resin,
and R-* 1s as defined for a compound of the formula II above,
or a reactive derivative of said amino acid,

with the hydroxyl group of a compound ofthe formula XX V1,

B B XX VI

R;* O

0O >—<
NH O—L——RES

-~
X* N
H
OH
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especially XXVIA,
- - XXVIA
Rs* ®
NH O—L—T—RES
Afk Rf
x*~ N
H
N OH A,

wherein X*, A *, R,* and R,* are as defined for a compound
of the formula IT above, L 1s a cleavable linker, RES 1s a solid
resin, and n 1S a natural number;

and removing the protecting group Prot™**,

(vii/b) In a further embodiment, the invention relates to the
method or process according to the preceding paragraph (vi1/
b), further comprising, for the synthesis of a compound of the
formula XXVI, especially XXVIA, coupling a resin bound
dipeptide symbolized by the formula XII*,

B XII*
R3*
O
O
NH
O—VL RES
R,*
Prot®***NH
OH
o H
especially XITA*
- - XIIA*
Rs* ®

RES

W

Prot****NH

in which Prot**** 15 a protecting group that can be cleaved
off selectively without affecting other protecting groups
present in a compound of the formula II as defined above and
with the product remaining on the resin, R,* and R,* are as
defined for a compound of the formula II above, L 1s a cleav-
able linker, RES 1s a solid resin, and n 1s a natural number,
alter removal of the protecting group Prot**** via the thus
obtainable free amino group, with an acid of the formula VII

VI

H
X,g*f ~

wherein X** 1s an amino protecting group or 1s X*, and
wherein X* and A, * are as defined for a compound of the
formula II above, or a reactive derivative of said acid;

and, 11 X** 1s an amino protecting group, removing said
amino protecting group X** to yield the dervative of formula
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II wherein, mnstead of X*, H 1s present and coupling the
resulting amino group with an acyl group X* using the cor-
responding acid X*—OH wheremn X* 1s as defined for a
compound of the formula II above, or a reactive derivative of
said acid.

(1x/b) A yet further embodiment of the invention relates to the
method or process according to the preceding paragraph (vii/
b), further comprising, for the synthesis of a compound of the
formula XII, coupling a resin bound amino acid symbolized
by the formula X,

) _ X
R3*
O
H,N
I O—L+—RES
especially XA,
) _ XA
R3*
O
H,N

i O—L1—RES

wherein R;* 1s as defined for a compound of the formula 11
above, L 1s a cleavable linker, RES 1s a solid resin, and n 1s a
natural number,

with an amino acid of the formula XT*,

XI*
O OH
\t" R2$:
Prot* NI
OH
especially XIA*,
XIA*
O OH
R,*
Protes#* NIV
OH

wherein Prot®*** 15 a protecting group that can be cleaved off
selectively without affecting other protecting groups present
and with the product remaining on the resin, and R,* 1s as
defined for a compound of the formula II above, or a reactive
derivative of said amino acid.
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(x’b) A further embodiment of the mvention relates to the
method or process according to the preceding paragraph (1x/
b), further comprising, for obtaining the resin bound amino

acid of the formula X, coupling an amino acid of the formula
[X*,

[X*
R3*
O
Prot***NH
OH
especially 1xA*,
[XA*
R3*
O
Prot®***NH
OH

wherein R, * 1s as defined for a compound of the formula I 1n
claiam 1 and Prot*** 1s an amino protecting group can be
cleaved off selectively without affecting other protecting
groups present and with the product remaining on the resin; or
a reactive derivative of said amino acid of the formula IX, to
a cleavable linker L. which 1s bound to a solid resin RES, and
removing the protecting group Prot™**,

(1/c) Another embodiment of the invention relates to the
method or process according to any one of the preceding
paragraphs (1/a) to (x/b) where the symbols A, R2, R3, R5,
R6, R7, X and Y or the corresponding unprotected or pro-
tected moieties R,*, R;*, R.*, R * R.*, X* and Y3 are
selected so that, in the resulting compound of the formulal, or
a salt thereof,

A, 1s the bivalent radical of L-glutamine bound via the car-
bonyl of its c.-carboxy group to the amino group at the right of
A, 1n formula I and via 1ts a-amino group to X, or 1s 25-(2-
hydroxy-3-phosphonooxy)-propionyl;

R, 1s methyl;

R 1s 1sopropyl, 1sobutyl (2-methyl-n-propyl wherever used)
or benzyl, especially 1sobutyl;

R 1s sec-butyl or benzyl, especially sec-butyl;

R, 1s 4-hydroxybenzyl;

R 1s 1sopropyl or sec-butyl (1-methyl-n-propyl wherever
used), especially sec-butyl;

X 1s acetyl or 1sobutyryl, or 1s absent 1if A, 1s 25-(2-hydroxy-
3-phosphonooxy)-propionyl and

Y 1s methyl. This paragraph 1s also named paragraph a) below.

(1/d) In another particular embodiment, the invention relates
to a method or process for converting a dehydrate of a com-
pound of the formula I given above or 1n particular with the
substituents as defined 1n the preceding paragraph (1/c) 1nto
the corresponding compound of the formula I, where the

dehydrate has the formula V,
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v
O
N
R %
O NH N
_ Rs
Al R;
X~ N R O 0.
H
O N
N Sy
H
O R¢
especially VA,
VA
R3
O
A v
Xf ! . N\\“
H

in whichY, X, A,, R,, R;, R, R and R, are as defined for a
compound of the formula I above;

or especially a method or process for shifting the equilibrium
of a mixture of a compound of the formula I and its corre-
sponding dehydrate, and/or its corresponding hemiaminal
analogue with a five-ring 1nstead of the ahp structure in for-
mula I which may also be formed as byproduct and has the
formula V*,

V-’*I‘-'
HO
O
R3 __N O
O NH
NH R
A R,
x~ N Ry O O
H
O N
NJ\( \.Y
H
O R
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especially the formula VA*,
VA*
HO
O
R3 ﬁ)‘» o N O
O NH NH
\
f x\‘

et

in which'Y, X, A,, R,, R;, R, R, and R, are as defined for a
compound of the formula I above, respectively;

in favor of the compound of the formula I,

said method or process comprising using an aqueous acid as
reactive solvent to drive the reaction. This method can be used
independently (e.g. also for the product of fermentation or
biosynthesis) or 1n addition to the other processes or methods
described above and below to increase the yield or to re-
convert a compound of the formula V, especially VA, and/or
the analogue with a five-membered ring instead of the ahp
structure in formula I, into the corresponding compound of
the formula I.

The method described for the conversion of the dehydrate
and/or the five ring analogue (always regarding the desired
ahp ring) into the desired compound of the formula I or
especially IA, e.g. of Compound A-dehydrate from Example
3B mto Compound A, enables a straight-forward synthesis of
this class of compounds. Up to now, an acidic treatment as
final step had to be circumvented 1n order to avoid the dehy-
dration of the product.

(1/e) A further embodiment of the mvention relates to the
method according to the preceding paragraph (1/d), wherein
the acid 1s a carboxylic acid, especially a halo substituted
C, qalkanoic acid, more especially trifluoroacetic acid or
trichloroacetic acid.

(1/1) The 1mnvention, 1n yet a further embodiment, relates to a
compound of the formula II,

I

(OProt
O

Ry* O
N
H

Q NH N
Rs*
A . RH*
X% 7~ l""'-----.. E\\‘ 2 ]}?:&: O O,
O : N
O Rg™

wherein Prot 1s a protecting group, Y 1s as defined for a
compound of the formula I 1n the first instance above or 1n
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particularasorclaim 17 and X*, A, * R, * R;* R.* R *, and
R.* correspond to X, A, R,, R;, R, R, and R, 1n formula I
as defined 1n claim 1 or in paragraph (1a) given above, respec-
tively, however with the proviso that reactive functional
groups on these moieties are present 1n protected form.

(1/g) In a further embodiment, the mnvention relates to a novel
compound selected from the group consisting of compounds

of the formula IL, 111, IV, V, VI, VIII, X, XII, XIV, XVI, XVIII,
XIX, XX, XXI, XXII, XXIII, XXIV, XXV, XXVI and
XXVIII, and especially of the formula IIA, IIIA, IVA, VA,
VIA, VIIIA, XA, XIIA, XIVA, XVIA, XVIIIA, XIXA, XXA,
XXIA, XXIIA, XXIIIA, XXIVA, XXVA, XXVIA and
XXVIIIA, yet more especially to the group consisting of the
following compounds given 1n the examples: From Scheme
1: compound 2, compound 3, compound 4, synthon 1; from
Scheme 2: compound 5; Fmoc-Leu-Linker-Resin according
to Example 1B(2); Fmoc Thr-Leu-Linker-Resin according to
Example 1B(3); Fmoc-Gln(1rt)-Thr-Leu-Linker-Resin
according to Example 1B(4); Isobutyryl-Gln(Trt)-Thr-Leu-
Linker-Resin according to Example 1B(3); Isobutyryl-Gln
(Trt)-Thr(Ile-Fmoc)-Leu-Linker-Resin according to
Example 1B(6); the product of Example 1B(7)=Isobutyryl-
Gln(Trt)-Thr(Ile-Tyr(tBu)Me-Fmoc)-Leu-Linker-Resin
(previously named: Isobutyryl-Gln(Trt)-Thr(lle-N-me-Tyr
(tBu)-Fmoc)-Leu-Linker-Resin);  Isobutyryl-Gln(Trt)-Thr
(Ile-Tyr(tBu)Me-Ile-Fmoc)-Leu-Linker-Resin ~ (previously
named: Isobutyryl-Gln(Trt)-Thr(Ile-N-me-Tyr(tBu)-Ile-
Fmoc)-Leu-Linker-Resin) according to Example 1B(8);
Isobutyryl-Gln(Trt)-Thr(Ile-Tyr(tBu)Me-Ile-Synthon 1-H)-
Leu-Linker-Resin (previously named: Isobutyryl-Gln(Trt)-
Thr(Ile-N-Me-Tyr(tBu)-Ile-Synthon 1-H)-Leu-Linker-
Resin) according to example 1B(9). Isobutyryl-Gln(Irt)-Thr
(Ile-Tyr(tBu)Me-Ile-Synthon 1-H)-Leu-OH  (previously
named: Isobutyryl-Gln(Trt)-Thr(Ile-N-Me-Tyr(tBu)-lle-
Synthon 1-H)-Leu-OH) according to example 1B(10) and
Scheme 3; H-Thr-Leu-Resin according to example 1B(12);
H-GlIn(Trt)-Thr-Leu-Resin according to example 1B(13);
Isobutyryl-Gln(Trt)-Thr-Leu-Resin according to example
1B(14); Isobutyryl-Gln(Trt)-Thr(Ile-H)-Leu-Resin accord-
ing to example 1B(15); Isobutyryl-Gln(Trt)-Thr(Ile-Tyr(tBu)
Me-H)-Leu-Resin according to example 1B(16); Isobutyryl-
Gln(Trt)-Thr(Ile-Tyr(tBu)Me-Ile-H)-Leu-Resin according to
example 1B(17); Isobutyryl-Gln(Trt)-Thr(Ile-Tyr(tBu)Me-
Ile-Synthon 1-H)-Leu-Resin according to example 1B(18);
from Scheme 3, Compound 6 and/or 7 (the latter preferred);
from Scheme 4: Compound 8 and the 5-ring hemiaminal-
1somer; from Scheme 3, precursor peptide 2, compound 9,
compound 10 (this one being preferred 1n the present enu-
meration regarding Scheme 5), and/or compound 11; Fmoc-
Thr-Leu-Trt-Tentagel-S from Example 2A(1); Fmoc-Gln
(Trt)-Thr-Leu-Trt-Tentagel-S according to Example 2A(2);
Ac-Gln(Trt)-Thr-Leu-Trt-Tentagel-S according to Example
2A(3); Ac-Gln(Trt)-Thr(Val-Fmoc)-Leu-Trt-Tentagel-S
according to Example 2A(4); Ac-Gln(Trt)-Thr(Val-Tyr(tBu)
Me-Fmoc)-Leu-Trt-Tentagel-S (previously named: Ac-Gln
(Trt)-Thr(Val-N-Me-Tyr(tBu)-Fmoc)-Leu-Trt-Tentagel-S)
according to Example 2A(5); Ac-Gln(Trt)-Thr(Val-Tyr(tBu)
Me-Phe-Fmoc)-Leu-Trt-Tentagel-S (previously named: Ac-
Gln(Trt)-Thr(Val-N-Me-Tyr(tBu)-Phe-Fmoc)-Leu-Trt-
Tentagel-S) according to Example 2A(6); and Ac-Gln(Trt)-
Thr(Val-Tyr(tBu)Me-Phe-Synthonl -H)-Leu-OH (previously
named: Ac-Gln(Trt)-Thr(Val-N-Me-Tyr(tBu)-Phe-Syn-
thonl-H)-Leu-OH) (precursor peptide 2) according to
Example 2A(7).

The following definitions (or also definitions already
included above) can replace more general terms used 1n

invention embodiments above and below 1in order to define
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further embodiments of the invention, with either one, two or
more or all general terms being replaceable by the more
specific terms 1n order to define such invention embodiments:

A bivalent moiety of an amino acid with a terminal carboxy
or carbamoyl group 1s preferably an alpha-carbamoyl or car-
boxyl-C, _s-substituted amino acid, especially the bivalent
moiety of asparagine or glutamine, and 1s bound at its right
hand side 1n formula I via a carbonyl (preferably the carbonyl

of 1ts a-carboxyl group) to the rest of the molecule.

C, _g-alkanoyl or phosphorylated hydroxy-C,_;-alkanoyl
(C,_g-alkanoyl carrying both a hydroxyl and a phosphono
(—O—P(=0)(OH),) group) A, 1s e.g. 2,3-dihydroxy-pro-
panoyl (preferably in S-form) or 2-hydroxy-3-phosphono-
propanoyl (preferably in S-form).

R, and R,* are C, ;-alkyl, especially methyl wherever
mentioned.

R, 1s the s1de chain of an amino acid, especially of a natural
amino acid. Preterably, 1t 1s C, ;alkyl which may be branched
or linear. Most especially, C, _qalkyl 1s n-(2-methyl)propyl
(1sobutyl), n-(1-methylpropyl (sec-butyl) or methyl, that 1s,
the amino acid carrying the moiety 1s leucine, 1soleucine or
valine.

R, * 1s the corresponding side chain 1n protected form 1f a
functional group 1s present that has to be hindered to partici-
pate 1n a reaction. Preferably, it 1s C,_salkyl which may be
branched or linear, especially as defined in the preceding
paragraph.

A “side chain of an amino acid” may be selected from any
moiety, €.2. a mono- or polycyclic, linear, saturated, unsatur-
ated (e.g. with conjugated double bonds) or partially satu-
rated organic moiety, e.g. with up to 20 carbon atoms and 0 to
5 heteroatoms in the basis structure independently selected
from N, O and S replacing the corresponding number of
carbon atoms, and may be substituted by up to three moieties
selected from amino, 1mino, hydroxy, carboxy, carbamoyl,
sulthydryl, amidino, guamdino, O-phosphono (—O—P
(—O)(OH),). Preferably, the side chains are selected from
those of the 20 standard alpha-amino acids arginine, histi-
dine, lysine, aspartic acid, glutamic acid, serine, threonine,
asparagine, glutamine, cysteine, glycine, alanine, leucine,
1soleucine, methionine, phenylalanine, tryptophan, tyrosine,
valine and further proline (then with internal cyclization
including the alpha-amino group).

For the amino acids, either their names or the customary
three letter codes are used in the present disclosure, 1n accor-
dance with the following table:

Amino acid Three letter code
Alanine Ala
Argimine Arg
Asparagine Asn
Aspartic acid Asp
Asparagine or aspartic acid Asx
Cysteine Cys
Glutamic acid Glu
Glutamine Gln
Glutamine or glutamic acid Glx
Glycine Gly
Histidine His
isoleucine Ile
Leucine Leu
Lysine Lys
Methionine Met
Phenylalanine Phe
Proline Pro
Serine Ser
Threonine Thr

10

15

20

25

30

35

40

45

50

55

60

65

28

-continued
Amino acid Three letter code
Tryptophan Try
Tyrosine Tyr
Valine Val

R 1s the side chain of an amino acid, preferably a standard
amino acid. Preferably, 1t 1s C,_salkyl which may be branched
or linear and which 1s unsubstituted or substituted by phenyl.
Most especially it 1s benzyl, n-(2-methyl)propyl, 1sobutyl or
methyl, that 1s, the amino acid carrying the moiety 1s pheny-
lalanine, leucine, 1soleucine or valine.

R 1s the side chain of a hydroxy amino acid, especially of
tyrosine.

R 1s the side chain of an amino acid, especially of a natural
amino acid. Preterably, 1t 1s C,_;alkyl which may be branched
or linear. Most especially 1t 1s n-(2-methyl)propyl 1sobutyl),
n-(1-methyl)propyl (sec-butyl) or methyl, that 1s, the amino
acid carrying the moiety 1s leucine, 1soleucine or valine.

C,_g-alkyl can be linear or branched one or more times; for
example, 1t can be n-(2-methyl)propyl, n-(1-methyl)propyl or
methyl.

All of the compounds can, where salt-forming groups such
as basic groups, €.g. amino or 1mino, or acidic groups, €.g.
carboxyl or phenolic hydroxyl, are present, be used 1 free
form or as salts or as mixtures of salts and free forms. Thus
where ever a compound 1s mentioned, this includes all these
variants. For example, basic groups may form salts with
acids, such as hydrohalic acids, e.g. HCI, sulfuric acid or
organic acids, such as acetic acid, while acidic groups may
form salts with positive 10ns, e.g. ammonium, alkylammo-

nium, alkali or alkaline-earth metal salt cations, e.g. Ca, Mg,
Na, K or L1 cations, or the like.

“Or the like” or “and the like”, wherever used in this
disclosure, refers to the fact that other alternatives to those
mentioned preceding such expression are known to the per-
son skilled 1n the art and may be added to those expressions
specifically mentioned; 1n other embodiments, “or the like”
and “and the like” may be deleted in one or more or all
invention embodiments.

The protecting groups Prot, Prot*, Prot**, Prot®**
Prot**** and any further protecting groups present on the
moieties A*, R,*, R ¥, R.*, R™, R,*, X*, where ever men-
tioned throughout the present description and claims, are
selected so that they allow for orthogonal protection.

Orthogonal protection 1s a strategy allowing the deprotec-
tion of multiple protective groups one (or more but not all) at
the time where desired each with a dedicated set of reaction
conditions without affecting the other protecting group(s) or
bonds to resins, e.g. via linkers on solid synthesis resins. In
other terms: The strategy uses different classes of protecting
groups that are removed by different chemical mechanisms,
also using appropriate linkers 1n the case of solid phase pep-
tide synthesis (where the linker-resin bond might together be
considered as a carboxy protecting group).

Preferably, the protecting groups are selected as follows:

The protecting group Prot 1s preferably selected so as to
resist removal of any other protecting groups used or present
during the synthesis according to the invention of a depsipep-
tide, e.g. able to resist mild bases (see Prot®), but removable
with fluoride 1on (especially under anhydrous conditions),
e.g. Bu,N*F~ (also if created in situ, e.g. using Bu,N"CI~
with KF.H,O, KF with 18-crown-6, LiBr with 18-crown-6,
BF;.diethylether, pyridine-HF, HF 1n urea, Et;N(HF),
(wherein Et 1s ethyl) or the like, where the solvent is e.g.
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selected from the group consisting of N,N-dimethyliorma-
mide, acetonitrile, chloroform and tetrahydrofurane.

Preferably, Prot 1s an ether protecting group, especially
selected from the group consisting of silyl protecting groups
in which the silyl moiety carries up to three organic moieties
bound via a carbon (optionally via a further S1 atom), such as
tert-butyldiphenylsilyl, trimethylsilyl, trizsopropylsilyl, tert-
butyldimethylsilyl, triphenylsilyl, diphenylmethylsilyl,
ti-tert-butyldimethylsilyl, tert-butylmethoxyphenylsilyl, tris
(trnmethylsilyl)silyl or the like.

Prot™ 1s a protecting group that can be cleaved ofl selec-
tively without atfecting other protecting groups present, and
also without atfecting the depsipeptide forming ester bond or
a linker to a resin RES, and 1s stable during deprotection steps
during synthesis of the linear precursor peptide (e.g. removal
of allyloxycarbonyl); 1t 1s preferably a protecting group
removable by specific triphenylphosphin complexes in the
presence of metal hydrides or other reductants, e.g. (PH;P)
.Pd preferably in combination with di-n-butyl tin hydnde or
tri-n-butyl tin hydride, phenylsilane, sodium borohydride or
dimedone, 1n an appropriate solvent, e.g. tetrahydrofurane,
and 1s preferably not cleavable under conditions that allow for
the removal of a protecting group Prot**; for example, and
Prot™ 1s selected from the group consisting of C;-Cqalk-2-
enyloxycarbonyl moieties, e.g. allyloxycarbonyl (Alloc),
1-1sopropylallyloxycarbonyl, 4-nitrocinnamyloxycarbonyl
and 3-(3"-pyridyl)prop-2-enyloxycarbonyl.

Prot** 1s a protecting group that can be removed on the
resin without cleaving other bonds (no cleavage of an amino
acid or peptide bound via the carbonyl of its (especially
a.-carboxyl group to the binding via a linker L. mentioned
below; also without cleaving ofl the protecting group Prot
once present), especially a protecting group removable with-
out cleavage of an ester (instead of an amide) bond in a
depsipeptide or depsipeptide precursor and under conditions
other than those for the protectmg groups Prot* and Prot,
while preserving the binding via the linker to a resin RES
where present; 1t 1s preferably removable by a mild base e.g.
piperidine, morpholine, dicyclohexylamine, p-dimethylami-
nopyridine, diisopropylamine, piperazine, tris-(2-aminoet-
hyl)amine 1n an appropriate solvent, e.g. N,N-dimethylior-
mamide, methylene chloride; Prot™** 1s, e.g., selected from
the group consisting of {fluoren-9-ylmethoxycarbonyl
(Fmoc); 2-(2' or 4'-pyridyl)ethoxycarbonyl and 2,2-bis(4'
nitrophenyl)ethoxycarbonyl.

Prot™** (an amino protecting group that can be cleaved off
selectively without affecting other protecting groups present
and with the product remaining on the resin) and Prot®*** (a
protecting group that can be cleaved off selectively without
alfecting other protecting groups present 1n a compound of
the formula II as defined above and below and with the prod-
uct remaining on the resin) are preferably protecting groups
that can be removed as Prot** and are, e.g., selected from
those mentioned for R**, e.g. fluoren-9-ylmethoxycarbonyl
(Fmoc).

The preferred orthogonal synthesis method in this case
makes use of the Fmoc method known 1n general for peptide
synthesis using solid phase peptide synthesis combined with
solution phase macrolactamization and further chemical con-
Versions.

Alternatively, e.g. the Boc protecting group might be used
instead of Fmoc Prot®*, Prot*** and Prot™***,

However, this will require different side chain protecting
groups and also the hydroxy-group of N-methyl-Tyr will then
have to be protected 1n a different way to maintain orthogo-
nality of the protection groups.
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Other protecting groups present as well as the binding
linker to a resin RES where present are preferably not remov-
able under conditions under which Prot* and Prot** can be
removed, e.g. in A¥, the amide can be N-protected e.g. with
trityl (triphenylmethyl) (cleavage e.g. with trifluoro acetic
acid (TFA); in R ™ a tyrosine hydroxy can be protected as
t-butyl-ether, or protected by tert-butyldimethylsilyl, meth-
oxymethyl, Boc (tert-butoxycarbonyl) or arylacetate (cleav-
age with TFA).

Approprate protecting groups are known in the art, as well
methods for their introduction and removal. For example, the
protecting groups, their introduction and removal methods
may be selected from those described 1n standard textbooks
such as “Protective Groups in Organic Synthesis™, 3" ed., T.
W. Green and P. G. M. Wuts (Eds.). J. Wiley & Sons, Inc.,
New York etc. 1999.

The protecting groups Prot, Prot*, Prot™*, Prot®**,
Prot™*** and other protecting groups are thus not limited to
those mentioned above—rather they should fulfill conditions
that make them appropnate for orthogonal protection, e.g. as
described above or below.

It 1s recommended to avoid too basic conditions (though
the bases described for Fmoc cleavage, such as piperidine, are
usually allowable) to avoid cleavage of the depsipeptide (es-
ter) bond.

Among the possible solid support for Solid Phase Peptide
Synthesis (SPPS), the following may be mentioned:

Gel-type supports without or with spacer: These are highly
solvated polymers with an equal distribution of func-
tional groups. This type of support 1s the most common,
and 1ncludes:

Polystyrene: Styrene cross-linked with e.g. 1-2% divinylben-
zene; Polyacrylamide or polymethacrylamide: as hydrophilic
alternative to polystyrene; Polyethylene glycol (PEG): PEG-
Polystyrene (PEG-PS) 1s more stable than polystyrene and
spaces the site of synthesis from the polymer backbone; PEG-
based supports: Composed of a PEG-polypropylene glycol
network or PEG with polyamide or polystyrene (these
already 1nclude a spacer, PEG);

Surface-type supports: Materials developed for surface
functionalization, including controlled pore glass, cel-
lulose fibers, and highly cross-linked polystyrene.

Composites: Gel-type polymers supported by rigid matri-
Ces.

Usually these gels carry reactive groups to which a linker L
as mentioned for various precursors above and below can be
bound. For example, such groups include aminomethyl
groups, polyethyleneglycol groups with a terminal hydroxy,
and the like.

Any such support can be used 1n the embodiments of the
present 1nvention.

Gel type supports are used 1n another special embodiment
of the ivention, Among these, polystyrene (divinylbenzene
crosslinked); polyvacrylamide and polymethacrylamide resins
are especially preferred.

Among the possible linkers, all commonly known and
appropriate may be used.

Examples 1n possible embodiments of the invention are the
2-methoxy-4-benzyloxy-benzyl alcohol linker (a Sasrin-
Linker, Sasrin stands for superacid sensitive resin, binds the
amino acids or peptides via alcoholic OH); the trityl linker
tamily (e,g, Trityl, 2Cl-Tntyl, which bind the amino acids or
peptides via OH); the 4-(2,4-dimethoxyphenylhydroxy-me-
thyl)phenoxymethyl-Linker (Rink-Acid-Linker, binds the
amino acids or peptides via OH); or tris(alkoxy)benzyl ester
linkers (HAL-Linker, binds the amino acids or peptides via
OH).
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Where reactive derivatives of acids, especially amino
acids, or peptides, e.g. dipeptides, are mentioned, they may be
formed 1n situ or may be used as such.

Reactive (or active) dertvatives used as such include the
acyl-halides, e.g. acyl-chlorides, -fluorides or -nitrophenyl
esters, e¢.g. the 2,4-dinitrophenyl esters, or acid anhydndes
(symmetric or e.g. with acetic acid) of the carboxy groups of
the acids to be reacted.

For in situ amino acid activation, customary coupling
agents may be applied. Such reagents are known to the person
skilled 1n the art and can be purchased conveniently from
many sources, €.g. Aldrich ChemFiles—Peptide Synthesis
(Aldrich Chemical Co., Inc., Sigma-Aldrich Corporation,
Milwaukee, Wis., USA) Vol. 7 No. 2, 2007 (see http://ww-
w.sigmaaldrich.com/etc/medialib/docs/ Aldrich/Brochure/
al chemfile v7 n2.Par. 0001.File.tmp/
al_chemfile_v7_n2.pdf). Among the possible coupling
agents for amide and ester bond synthesis the following may
be mentioned:

Triazoles, uronmium or hexafluorophosphonium deriva-
tives, e.g. 1-hydroxy-benzotriazole (HOBt), 1-hydroxy-7-
aza-benzotriazole (HOAL), ethyl 2-cyano-2-(hydroxyimino)
acetate, 2-(1H-7-Azabenzotriazol-1-yl1)-1,1,3,3-
tetramethyluronium hexafluorophosphate methanaminium
(HATU), benzotriazol-1-yl-oxytripyrrolidinophosphonium
hexatluorophosphate (PyBOP), Benzotriazole-1-yl-oxy-tris-
(dimethylamino )-phosphonium hexatluorophosphate (BOP),
1 -(mesitylene-2-sulfonyl)-3-mitro-1,2,4-triazole  (MSNT),
2-(1H-benzotnazol-1-yl)-1,1,3,3-tetramethyluronium-
hexafluorophosphate (HBTU), 2-(1H-benzotriazol-1-yl)-1,
1,3,3-tetramethylurommum-hexafluoroborate (TBTU), 2-suc-
cinimido-1,1,3,3-tetramethyluronium-tetratluoroborate
(TSTU), 2-(5-norbornen-2,3-dicarboximido)-1,1,3,3-tet-
ramethyluronium-tetratiuoroborate  (INTU), O-[(cyano
(ethoxycarbonyl ))-methyliden))amino]-1,1,3,3-tetramethylu-
ronium-tetrafluoroborate (1TO1TU), O-(benzotriazol-1-yl)-1,
3-dimethyl-1,3-dimethylene uronium hexafluorophosphate
(HBMDU), O-(benzotriazol-1-y1)-1,1,3,3-bis(tetramethyl-
ene)urontum hexafluorophosphate (HBPyU), O-(benzotria-
zol-1-y1)-1,1,3,3-bis(pentamethylene)urontum hexafluoro-
phosphate (HBPipU), 3-hydroxy-4-oxo0-3,4-dihydro-1,2,3-
benzotriazine (HODhbt), 1-hydroxy-7-aza-benzotriazole
and 1ts corresponding uronium or phosphonium salts, desig-
nated HAPyU and AOP, 1-cyano-2-ethoxy-2-oxoethylidene-
aminooxy-dimethylamino-morpholino-carbenium hexafluo-
rophosphate (COMU), chlorotripyrrolidinophosphonium
hexafluorophosphate (PyCloP), or the like;

Carbodumaides, e.g. dicyclohexylcarbodiimide, N-(3-dim-
cthylaminopropyl)-N'-ethylcarbodiimide, 1-tert-butyl-3-eth-
ylcarbodiimide, N-cyclohexyl-N'-2-morpholinoethyl)carbo-
diimide or dusopropylcarbodiimide (especially for ester
formation via O-acyl urea formation of the carboxylic group);
or
active ester forming agents, e¢.g. 2-mercaptobenzothiazole
(2-MBT),
azide forming agents, e.g. diphenyl phosphoryl azide,
acid anhydrides, such as propane phosphonic acid anhydride,
acid halogenation agents, e.g. 1-chloro-N,N,2-trimethyl-1-
propenylamine, chloro-N,N,N',N'-bis(tetramethylene )for-
mamidinium tetrafluoroborate or hexatluorophosphate,
chloro-N,N,N' \N'-tetramethlformamidinium hexafluoro-
phosphate, fluoro-N,N,N',N'-tetra-methylformamidinium
hexafluorophosphate, fluoro-N,N,N'.N'-bis(tetramethylene)
formamidinium hexafluorophosphate,
or the like, or mixtures of two or more such agents.

Also for the ester coupling of compounds of the formula

XII or XIIA with those of the formula XIII or XIIIA, respec-
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tively, or of compounds of the formula XIII* or XIITA* with
those of the formula XXVI or XXVIA, respectively, the cor-
responding reactive carboxyl compounds can be used or
formed 1n situ. Here, especially MSN'T 1s preferred as cou-
pling agent as this allows for the maintenance of high ste-
reospeciiicity.

The reaction may, where appropnate, be conducted in the
presence of a mild base (e.g. N-methylmorpholine, a trialky-
lamine, e.g. ethyldiisopropylamine, a di-(alkyl)aminopyri-
dine, such as N,N-dimethylaminopyridine, or the like (taking
care that the conditions are not so basic as to allow for the
hydrolysis of ester groups, e.g. the depsipeptide ester group,
present 1n precursors of the compound of the formula I),
where appropriate or required 1n the presence of an appropri-

ate solvent or solvent mixture, e.g. an N,N dialkyl-forma-
mide, such as dimethylformamide, a halogenated hydrocar-
bon, e.g. dichloromethane, N-alkylpyrrolidones, such as
N-methylpyrrolidone, nitriles, e.g. acetonitrile, or further an
aromatic hydrocarbon, e.g. toluene, or mixtures of two or
more, where, pro-vided an excess of coupling agent 1s
present, also water may be present. The temperatures may be
ambient temperature or lower or higher, e.g. in the range from
—-20° C. to 50° C.

The amino acids of the formula IX, IXA, XI, XIA, XIII,
XIITA, XV, XVA, XVII, XVIIA, XXVII (obtainable e.g. by
Solution Phase synthesis), XVII*, XVIIA*, XV* XVA*
XIIT*, XIIIA*, XT*, XIA*, IX* and IXA* are known or they
can be synthesized according to methods known in the art,
they are commercially available, and/or they can be synthe-
s1zed 1n analogy to methods known 1n the art.

Also the remaining starting matenals, e.g. the acid of the
tformula XIX or VII, or the dipeptide of the formula XXVII or
XXVIIA, are known or they can be synthesized according to
methods known 1n the art, they are commercially available,
and/or they can be synthesized 1n analogy to methods known
in the art.

For example, the synthon of the formula XIX can be pre-
pared as described in Example 1 A(4) (which 1s a specific
embodiment of the invention) or in analogy thereto. The
synthesis of the mtermediate compound 1 (Scheme 1) 1s
described 1n Tetrahedron 61, 1459-1480 (2005).

The coupling reactions for dipeptides make use of the
corresponding carboxylic groups of amino acids 1n free form
or 1n activated form.

EXAMPLES

The following examples illustrate the mmvention without
limiting 1ts scope.

Abbreviations

aq. aqueous

Boc/BOC tert-Butoxycarbonyl

brine sodium chloride solution 1n water (saturated at RT)

Bzl benzyl

COMU 1-cyano-2-ethoxy-2-oxoethylideneaminooxy-dimethylamino-
morpholino-carbenium hexafluorophosphate

DCM dichloromethane

DIPEA N,N-dusopropylethylamine

DMAP 4-Dimethylaminopyridine

DMFE N,N-dimethylformamide

Fmoc/FMOC 9-fluorenymethoxycarbonyl

Et ethyl

HATU 2-(1H-7-Azabenzotriazol-1-yl)--1,1,3,3-tetramethyluronium
hexatluorophosphate Methanaminium

HEFIP Hexafluoroisopropanol



HPLC
HR-MS
IPA
[IPC

IR
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MS
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NMR
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TEMPO
RBEF
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-continued

Abbreviations

High Performance Liquid Chromatography

High Resolution Mass Spectroscopy
[sopropylacetate

In-Process Control

Infrared Spectroscopy

internal temperature

Ninhydrin-based test to monitor deprotection in SPPS (see E.

Kaiser, R. L. Colescott, C. D. Bossinger, P. 1. Cook,
Analytical Biochemistry 1970, 34 53935); if mentioned to be
OK, this means successiul deprotection.

methyl

Mass Spectroscopy

1-(Mesitylene-2-sulfonyl)-3-nitro-1,2 4-triazole

Nuclear Magnetic Resonance Spetroscopy
benzotriazol-1-yl-oxytripyrrolidinophosphonium
hexafluorophosphate

Benzotriazole-1-yl-oxy-tris-(dimethylamino }-phosphonium

hexafluorophosphate

Reversed Phase

room temperature

Solid Phase Peptide Synthesis
tert-Butyl-methylether

trifluoroacetic acid
2,2,6,6-Tetramethyl-1-piperidinyloxy, free radical.
Round bottomed flask

For amino acid abbreviations see the table above.

Compounds Names . . . .

The names of the open chain oligopeptides have been
derived according to recommendations of the Joint Commis-
sion on Biochemical Nomenclature (“International Union of
Pure and Applied Chemistry” and “International Union of
Biochemistry™) published 1n Pure & Appl. Chem. 1984, 36,
595-624. Previously, a simple peptide naming convention
was used for these compounds. The previous names are given

in parenthesis.

EXAMPL.

T
[

Synthesis of Compound A

1A Synthesis of Synthon 1

(1) Alternative 1:

Reaction Scheme 1:

Boc-Glu-0OBzl (Commercial)

10

15

20

25

30

35

40

45

50

55

60

65

P
N

\

(

O

—

(

N

C@Q

O

34

-continued

1

3

\

0)\ NH

/O

=
NN

O\ |
\H*/\/ Qi

O

K
O

=
NN




US 8,614,289 B2

35
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/ \
S
O g

X

Synthon 1

1A(1) Preparation of compound 1

(S)-Benzyl 2-((tert-butoxycarbonyl)amino)-5-hy-
droxypentanoate

Compound 1 was prepared by a procedure similar to the

procedure reported 1n R. K. Olson, K. Ramasamy, T. Emery,
J. Org. Chem. 1984, 49, 3527. BOC-Glu-OBzl (50 g, 148.2

mmol) was dissolved 1n tetrahydrofuran (800 mL) and tri-
cthylamine (47.3 g, 467.4 mmol) was added. The solution
was cooled down to I'T=-10° C. Ethyl-chloroformate (51.8 g,
98% purity, 467.8 mmol) was added slowly, maintaining the

temperature at I'T=-10 to —-15° C. The suspension thus
obtained was stirred for an additional hour. IPC (HPLC)

indicated the disappearance of the starting material. The reac-
tion mixture was allowed to warm-up to 0° C. and water (800

ml.)was added at 0-5° C. within 25-30 minutes. Separation of
the mixture into 2-phases became visible. Under intensive
stirring, sodium-borohydride (11.8 g, 299.4 mmol) was
added 1n 10 portions at 0-3° C. Caution was exercised as
hydrogen gas evolved during addition of sodium-borohy-
dride. The reaction mixture was stirred for additional 5 min-
utes at 0-5° C. and the temperature was increased to 20-25° C.
within 30 minutes. Caution was required as hydrogen-gas
continued to evolve during temperature increase. The reac-
tion mixture was stirred for 15 minutes at 20-25° C. before
work-up.

For work-up, water (1250 mL) was added to the reaction
mixture, followed by the addition of ethyl acetate (1250 mL).
The phases were separated and the aqueous phase was
extracted with ethyl acetate (600 mL). The organic layers
were combined and were washed with brine (2x600mL). The
organic layer was dried over magnesium sulfate, the solvent
was evaporated at reduced pressure and 40-45° C. to obtain
50.8 g crude product. HPLC purity: 94a %. The crude product
was purified by tlash chromatography on silica gel with hex-
ane fraction/ethyl acetate (7:3 to 1:1) as mobile phase.

Yield: 40.85 g (85.2%). Purity: 98% (HPLC). MS and
NMR confirmed the proposed structure.

1A(2) Preparation of Compound 2

(S)-Benzyl 2-((tert-butoxycarbonyl)amino)-5-((tert-
butyldiphenylsilyl)oxy)pentanoate

The alcohol (compound 1) from the previous step (40.3 g,
124.6 mmol) was dissolved in dimethyl formamide (200 mL)
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and 1imidazole (12.8 g, 99.5% purity, 186.9 mmol) was added.

The mixture was stirred at room temperature, until a solution
was formed (5-10 min). tert.-Butyl-diphenyl-silyl-chloride
(41.9 g, 98% purity, 149.5 mmol) was added dropwise within
10 minutes and stirring was continued for additional 15 min-
utes at room temperature. IPC(HPLC) indicated disappear-
ance of the starting material (alcohol). For work-up, 1sopropyl
acetate (400 mL) was added to the reaction mixture, followed
by the slow addition of a half-saturated aq. sodium bicarbon-
ate solution (400 mL). Caution was exercised as the addition
was exothermic, gas evolution takes place. The phases were
separated and the aqueous phase was extracted with 1sopropyl
acetate (400 mL). The organic layers were combined and
extracted with water (400 mL). The organic layer was dried
on magnesium sulfate and the solvent was evaporated at
40-45° C.under reduced pressure. The residue was dried over
night 1 vacuo at 25° C. to obtain 83.25 g crude product as
colorless o1l. HPLC analysis indicated the presence o1 81 a %
desired product and 18.6 a % of the corresponding silanole.
The crude product was used without further purification for
the next step. NMR and HR-MS of a purified sample con-
firmed the proposed structure. HR-MS: calculated {for

C,.H,,NO.Si: [M+H]*: 562.29833; [M+NI,]*: 579.32488:
[M+Na]*: 584.28027. Found: [M+H]*: 562.29848:
[M+NL,]*: 579.32489; [M+Na]*: 584.27995.

1 A(3) Preparation of Compound 4

(S)-Benzyl 2-((({(9H-fluoren-9-yl)methoxy)carbonyl)
amino )-5-((tert-butyldiphenylsilyl)oxy)pentanoate

83.25 g crude product from the previous step (correspond-
ing to 70 g theoretical yield of compound 2, 124.6 mmol) was
dissolved 1n dichloromethane (650 mL) and trifluoroacetic
acid (358.8 g, 99% purity, 3115 mmol) was added dropwise to
the intensively stirred solution. IPC(HPLC) after 30 minutes
indicated complete cleavage of the BOC protecting group.
The reaction mixture (clear solution) was transferred into a 6
L. 4-bottomed flask with mechanical stirrer and was diluted
with 1000 mL of dichloromethane. Aqueous half saturated
sodium carbonate solution (1800 mL) was slowly added to
the intensively stirred solution. Caution was exercised as
strong gas evolution was observed during addition of sodium
carbonate. pH of the aqueous phase after completion of the
addition: 9-10. The reaction mixture was stirred for additional
15 minutes and the phases were separated. The aqueous phase
was extracted with dichloromethane (1000 mL) and the
organic layers were combined to obtain a solution of the
product in dichloromethane. The solution was concentrated at
40-45° C. under reduced pressure to a final volume of ca. 650
mL. for the next step. HPLC indicated the presence of 80.5%
of compound 3 and 19.5 a % silanole 1n the solution.

For FMOCYylation, saturated aqg. sodium bicarbonate solu-
tion (650 mL) was slowly added to the intensively stirred
solution of compound 3, followed by the addition of FMOC-
chloride (36.55 g, 97% purity, 137 mmol). Caution was exer-
cised as gas evolution was observed during the addition of
FMOC-CI. Stirring was continued for 15 minutes at room
temperature. An IPC(HPLC) of the organic layer indicated
disappearance of the intermediate compound 3 and complete
conversion into compound 4. For work-up, the layers were
separated and the aqueous phase was extracted with dichlo-
romethane (650 mL). The organic layers were combined and
were extracted with water (650 mL). The organic layer was
dried over magnesium sulfate and the solvent was removed at
40-45° C. under reduced pressure to obtain 112.6 g crude
product.
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The crude product was suspended 1n ethanol/isopropanol/
water (89:5:6; 2400 mL) and the suspension was heated to I'T
50° C. to obtain a solution. The solution was cooled down to
45° C., seed crystals were added and the temperature was
continued to cool down to 20-25° C. within 1 hour. Crystal-
lization started at ca. 40° C. The suspension was stirred at
20-25° C. over might, then cooled down to I'T 0-3° C. within
30 minutes and stirring was continued for additional 2 hours
at 0-5° C. The product was 1solated by filtration, the filter cake
was washed with ethanol/isopropanol/water (89:5:6; 240

ml.) and dried under reduced pressure to obtain pure com-
pound 4 (100 a % purity according to HPLC). Yield: 66 g
(77.4%). The product was fully characterized by MS and
NMR HR-MS: Calculated for C,,H,.NO.Si: [M+H]™:
684.31398; [M+NaH,]™: 701.34053; [M+Na]™: 706.29592.
Found: [M+H]": 684.31392; [M+NH,]": 701.34021;
[M+Na]™: 706.29539. The mother liquor gave 30.6 g of a

foam comprising 30a % product and 29a % silanole accord-
ing to HPLC.

1A(4) Preparation of Synthon 1 from Compound 4

(S)-2-((((9H-Fluoren-9-yl)methoxy)carbonyl)
amino )-5-((tert-butyldiphenylsilyl)oxy )pentanoic
acid

Compound 4 (66 g, 96.6 mmol) was suspended in ethanol/
1sopropylalcohol/water (89:5:6; 3000 mL) and the suspen-
sion was heated to I'T 45° C. to obtain a solution. The solution
was cooled down to I'T 30° C. After inertization with Argon,
palladium-catalyst (10% on barium sulfate; 6.6 g) was added
to the solution under an argon stream. The product was then
hydrogenated under a hydrogen pressure slightly above the
atmospheric pressure at 30-35° C. The hydrogenation was
completed after 1.5 h according to HPLC. The reaction mix-

ture was filtered over a cellulose based filter aid (Cellflock 40;

cellulose based filtering aid) and the filter aid was washed
with ethanol/isopropanol/water (89:5:6; 600 mL). Evapora-
tion of the solvent under reduced pressure at 45-50° C. gave
59.58 g foam as crude product. The crude product was puri-
fied by chromatography on silica gel in 2 portions (2x1 kg
silica gel 60) using dichloromethane/methanol 95:5 to 80:20
as mobile phase. Yield: 52 g (90.6%). The product was fully

characterized by MS and NMR. HR-MS: Calculated for
C,cH3oNOS1 [M+H]™: 594.26703; [M+NH,]": 611.29358;
[M+Na]*: 616.24897. Found: [M+H]": 594.26743;
[M+NH_|": 611.29385; [M+Na]™: 616.24900.
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-continued
L8/
PG

HO

OHSI/\ﬁ

Synthon 1

1 A(5) One-pot Preparation of Compound 4 from
Fmoc-Glu-OBzl via Compound 3

Fmoc-Glu-OBzl (5 g, 10.88 mmol) was dissolved 1n tet-
rahydrofurane (80 mL) and triethylamine (3.3 g, 32.6 mmol)
was added. The solution was cooled down to -15° C. and
cthyl chloroformate (7.3 g, 67.27 mmol) was added to the
solution over 30 minutes at —12° C. The suspension thus
obtained was stirred for an additional hour at -10 to —15° C.
and the temperature was elevated to 0° C. Water (80 mL) was
added dropwise to the reaction mixture, maintaining the tem-
perature at 0° C. Sodium borohydride (total 0.805 g, 21.27
mmol) was added 1n 3 portions (1 portion every 10 minutes)
at 0° C. and the reaction mixture was stirred for additional 1
h at 0° C. Caution was exercised as hydrogen gas evolved. The
reaction mixture was diluted with water (100 mL) and
extracted with 1sopropyl acetate (150mlL) and the layers were
separated. The aqueous phase was extracted again with 1s0-
propyl acetate (100 mL) and the organic layers were com-
bined. The combined organic phase was washed with half
saturated sodium chloride solution (2x350 mL) and the solu-
tion was concentrated at reduced pressure to a final volume of
ca. S0 mL. The concentrated solution was clear-filtered and
the filter residue was washed with 1sopropyl acetate (20 mL).
The solution of compound 5 thus obtained was transferred
into a round bottomed flask and imidazole (1.49 g, 21.89
mmol) was added. The mixture was stirred for 15 min at Rt
and tert.-butyl-diphenyl-silyl-chloride (4.45 g, 16.19 mmol)
was added. The reaction mixture was stirred for 15 h at rt. For
work-up, the suspension was diluted with 1sopropyl acetate
(20 mL) and extracted with water (3x50 mL). The organic
layer was separated and the solvent was evaporated under
reduced pressure to obtain 9.95 g crude product. The crude
product was purified by column chromatography on silicagel
with 1sopropyl acetate/hexane (2:8) as mobile phase to obtain
6.5 gofasolid, which was suspended in hexane and stirred for
3 h atrt. The precipitate was 1solated by filtration and dried at
50° C. under reduced pressure to obtain 5.6 g of compound 4.
Yield: 75% over two steps. HR-MS: calculated ifor
C,.H,-NO.S1i: [M+H]™: 684.31398; [M+NH,]": 701.34053;
[M+Na]*: 706.29592. Found: [M+H]": 684.31430;
[M+NH_,]": 701.34073; [M+Na]™: 706.29577.
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1 A(6) Alternative One-Pot Preparation of Compound
4 from Fmoc-Glu-OBzl Via Compound 5 Using
Isopropyl-Chloroformate Instead of

Ethyl-Chloroformate

Fmoc-Glu-OBzl (60 g, 130.579 mmol) was dissolved 1n
tetrahydrofuran (550 mL) and triethylamine (40.8 g, 403.202
mmol) was added. A cloudy solution was obtained with some

precipitate. This cloudy solution/suspension was transierred
into a dropping funnel and was added to a pre-cooled solution
ol 1sobutyl-chloroformate (54.96 g, 402.41 mmol) 1n tetrahy-
drofuran (300 mL) 1 a 4.5 L reactor at =35 to -30° C.,
maintaining this temperature during the addition. Residuals
in the dropping funnel were washed with additional tetrahy-

drofuran (350 mL) and the reaction mixture was stirred at =35
to —30° C. for another 2 hours. Water (960 mL) was added to

the reaction mixture within 45 minutes, allowing the tempera-

ture to increase until 0° C. A suspension was formed. Sodium
borohydride (14.4 g, 380.625 mmol) was added 1n 20 portions

within 1 h at 0° C. and the reaction mixture was stirred for an
additional hour at 0° C. Caution was exercised as hydrogen
gas evolved.

The suspension was poured onto t-butyl-methylether (600
ml.) and the reaction flask was washed with water (600 mL),
which was added to the product mixture (2-phases). The
phases were separated, the water phase was extracted with
t-butyl-methylether (600 mL) and the organic phases were

combined. The organic phase was washed with water (2x600

mlL), dried over anhydrous magnesium sulfate (200 g) and the

solvent was removed under reduced pressure until a final

volume of 1 L was achieved. The solution was diluted with
dimethyl-formamide (600 g) and the solvent was evaporated
under reduced pressure, until a final volume of 400 mL 1s
achieved. The solution of compound 5 thus obtained was
transterred 1nto a round bottomed flask. Imidazole (14.4 g,
211.524 mmol) was added to the DMF solution of compound

5 and the mixture was stirred for 5 minutes at rt. Finally,
TBDPS-CI (39.6 g, 144.07 mmol) 1s added dropwise during

20 minutes at 20-25° C. and the reaction mixture 1s stirred for

an additional hour at this temperature.

The reaction mixture was then poured onto ethyl acetate
(1200 mL) and the mixture was extracted with water (700
mlL). The layers were separated and the organic layer was
washed with water (3x300 mL). Evaporation of the solvent
under reduced pressure gave 106 g crude product.

-

T'he crude product (106 g) was dissolved 1n Ethanol/Iso-
propanol/Water (89:5:6; 1200 mL) at 40-50° C. and seed
crystals (0.5 g compound 4) were added. The mixture was
allowed to cool down to room temperature and stirred for 17
hrs at rt. The suspension was cooled to —=20° C. and stirred for
2 hrs at —20° C. The product was 1solated by filtration, the
filter cake was washed with the solvent mixture Ethanol/
Isopropanol/Water (89:5:6; 3x200 mL) and dried at 40° C.
under reduced pressure to obtain 66.5 g of compound 4

(74.6% yield over 2 steps). HPLC indicated>99 a % purity for
the product.
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Additional product can be 1solated from the mother liquor
(34 g after evaporation of the solvent), which contains ca. 30a
% compound 4 according to HPLC.

1B Synthesis of Precursor Peptide 1 by SPPS

Precursor peptide 1: Isobutyryl-Gln(Trt)-Thr(Ile-Tyr
(tBu)Me-Ile-Synthon 1-H)-Leu-OH

Precursor peptide 1

O

Precursor Peptide 1 has been Prepared Using 2
Different Solid Supports

Equipment

Solid phase synthesis reactor with a filter cloth or sintered
glass filter plate at the bottom. A nitrogen manifold allows to
drain the reactor contents via filter cloth or sintered glass filter
plate and bottom valve.

1B(1) Coupling of the Trityl-Linker to the Solid
Support

200 g of Aminomethyl-polystyrene resin (crosslinked with
1% divinyl benzene, loading of aminomethyl groups 1 mmol/
g) (supplier: Senn Chemicals AG, Dielsdort/Switzerland)
were stirred alternately with several portions of dimethylfor-
mamide (1600 mL) and 1sopropanol (1600 mL) After two
final washes with dimethlyformamide, the resin was treated
with a previously prepared solution of 4-hydroxy-diphenyl-
methyl-benzoic acid (91.3 g 300 mmol), 1-hydroxy-benzot-
riazole monohydrate (45.9 g, 300 mmol) and diisopropylcar-
bodiimide (75.7 g, 600 mmol) 1n dimethyliformamide (1600
mlL). The reaction mixture was stirred for 1.5 h and a Ninhy-
drin test was performed. The test still showed free amino
groups and thus disopropylcarbodiimide (7.6 g, 60 mmol)
was added and the reaction stirred over night. A further nin-
hydrin test in the morning was negative and the reaction
mixture was filtered off

. The resin was washed with dimeth-
ylformamide and 1sopropanol alternatingly. The resin was
dried 1n vacuo and yielded 257 g of dry linker-resin. The
material was used for the next synthesis step without further
analysis.

1B(2) Coupling of Fmoc-Leu-OH
Preparation of Fmoc-Leu-Linker-Resin

Linker-Resin (190 g, 147.8 mmol) was swollen by stirring,
in toluene (1400 mL). The solvent was filtered off and
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replaced by a solution of toluene (1400 mL) and acetyl chlo-
ride (53 mL, 1478 mmol). This mixture was stirred for 2 h,
filtered off, replaced by an identical mixture which was
stirred for another 2 h before filtering off. The chlorinated
resin was washed twice with toluene and three times with
dichloromethane.

In a round bottom tlask, a solution of Fmoc-Leu-OH (104.8
g, 296 mmol) and of N-Methylmorpholine (49 mL, 444
mmol) 1n dichloromethane (600 mL ) was prepared. This solu-
tion was added to the resin and stirred over night. In the
morning, the solution was filtered of and the resin was washed
with dichloromethane and 1sopropanol alternatingly. The
resin was dried 1n vacuo and vyielded 234.7 g of dry Fmoc-
Leu-linker-Resin. The loading with Fmoc-groups was deter-
mined at 0.787 mmol/g what led to a yield of 185 mmol
(125% of theory). Amino acid analysis at an external contrac-
tor confirmed <0.1% D-Leu enantiomer.

1B(3) Coupling of Fmoc-Thr-OH
Preparation of Fmoc-Thr-Leu-Linker-Resin

Fmoc-Leu-Linker-Resin (140 g, 109 mmol) was swollen
by stirring in two successive portions of dimethylformamide
(1100 mL) for 30 min each.

Fmoc protecting group was cleaved by two subsequent
washings of 20% piperidine 1n dimethylformamide for 5 min
and 15 min respectively. The resin was washed by several
alternating washes with dimethylfomamide and 1sopropanol.
Phenolphtalein and water were added to a sample of the final
wash solution. The absence ol pink colour confirmed success-
tul removal of piperidine.

The resin was washed with tetrahydrofurane (1200 mL)
three times to prepare for the following coupling step.

In a round bottomed flask a solution of Fmoc-Thr-OH
(112.1 g, 328 mmol), hydroxybenzotriazole monohydrate
(51.25 g, 334 mmol) and dusopropylcarbodiimide (51 mlL,
655 mmol) 1n tetrahydrofuran (600 mL) was prepared

The solution was added to the resin and the pH checked
immediately (pH=6.5). The reaction mixture was stirred for
1.5 h until a ninhydrin test showed complete reaction. The
solution was filtered oil and the resin was washed with dim-
cthylformamide and 1sopropanol alternatingly. A small
sample of the resin was dried and sent for amino acid analysis
(0.13% D-Leu, <0.1% D-Thr, <0.1% L-allo-Thr, <0.1%
D-allo-Thr), the bulk of the material was subjected to the next
step without further drying.

1B(4) Coupling of Fmoc-Gln(Trt)-OH
Preparation of Fmoc-Gln(1rt)-Thr-Leu-Linker-Resin

The Fmoc-Thr-Leu-Linker-Resin from the previous step
was swollen by stirring in two subsequent portions of dim-
cthylformamide (1100 mL) for 30 min each.

Fmoc protecting group was cleaved by two subsequent
washings with 20% piperidine 1n dimethylformamaide for 5
min and 15 min respectively. The resin was washed by several
alternating washes with dimethylfomamaide and 1sopropanol.
Phenolphtalein and water were added to a sample of the final
wash solution. The absence of pink colour proved successiul
removal of piperidine.

The resin was washed with dimethylformamide (1100 mL)
three times to prepare for the following coupling step.

In a round bottomed flask a solution of Fmoc-Gln(Trt)-OH
(138.6 g, 226 mmol), HATU (86.2 g, 226 mmol) and Ethyl-
dusopropylamine (58.4 g, 452 mmol) in dimethylformamide
(400 mL) was prepared.
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The solution was added to the resin and the pH checked
immediately (pH=10). The reaction mixture was stirred for 3
h until a ninhydrin test showed complete reaction. The solu-
tion was filtered of and the resin was washed with dimethyl-
formamide and 1sopropanol alternatingly.

The resin was dried 1n vacuo and yielded 170 g of dry
Fmoc-Gln(Trt)-Thr-Leu-Linker-Resin. The loading with
Fmoc-groups was determined at 0.60 mmol/g indicating a
yield of 102 mmol (94% of theory over the last two steps).
Amino acid analysis at an external contractor led to the fol-
lowing values: (0.13% D-Leu, <0.1% D-Thr, <0.1% L-allo-
Thr, <0.1% D-allo-Thr, <0.8% D-Gln).

1B(5) Coupling of Isobutyric Acid

Preparation of
Isobutyryl-Gln(Trt)-Thr-Leu-Linker-Resin

Fmoc-Gln('Trt)-Thr-Leu-Linker-Resin (169 g, 101 mmol)
was swollen by stirring in two subsequent portions of dim-
cthylformamide (1300 mL) for 30 min each.

Fmoc protecting group was cleaved by two subsequent
washings with 20% piperidine 1n dimethylformamide (1300
mL) for 5 min and 15 min respectively. The resin was washed
by several alternating washes with dimethylfomamide and
1sopropanol. Phenolphtalein and water were added to a
sample of the final wash solution. The absence of pink colour
proved successiul removal of pipenidine.

The resin was washed with dimethylformamide (1100 mL)
three times to prepare for the following coupling step.

In a round bottom flask a solution of Isobutyric acid (17.9
g 203 mmol), PyBOP (105.5 g, 203 mmol) and Ethyldiiso-

propylamine (52.4 g, 406 mmol) in dimethylformamide (550
ml.) was prepared.

The solution was added to the resin and the pH checked
immediately (pH=9.3). The reaction mixture was stirred for
2.5 h until a ninhydrin test showed complete reaction. The
solution was filtered ofl and the resin was washed with dim-
cthylformamide and isopropanol alternatingly.

The batch was directly subjected to the next step without
drying and further analysis.

1B(6) Coupling of Fmoc-Ile-OH (Esterification)

Preparation of
Isobutyryl-Gln(Trt)-Thr(Ile-Fmoc)-Leu-Linker-Resin

Isobutyryl-Gln(Irt)-Thr-Leu-Linker-Resin (wet from step
above, 101 mmol) was swollen by stirring 1n three subsequent
portions of dichloromethane (1200 mL) for 20 min each. The
solvent was filtered off and MSNT (88 g, 297 mmol) and
Fmoc-Ile-OH (105 g, 297 mmol) were added as solids.
Dichloromethane (500 mL) was added as well as a solution of
N-methyl imidazole (18.2 g, 223 mmol) and ethyldiisopro-
pyamine (51.2 g, 396 mmol) in dichloromethane (100 mL)
The reaction mixture was stirred for 2 huntil HPLC in process
control showed complete reaction. The solution was filtered
off and the resin was washed with three portions of dichlo-
romethane, three portions of dimethylformamide and three
portions of 1sopropanol subsequently. The resin was dried in
vacuo and yielded 172 g of dry Isobutyryl-Gln(Trt)-Thr(Ile-
Fmoc)-Leu-Linker-Resin. Fmoc loading was determined to
be 0.418 mmol/g thus indicating a vield of 72 mmol (71%
over the last two steps).
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1B(7) Coupling of Fmoc-N-methyl-Tyr(tBu)-OH

Preparation of Isobutyryl-Gln(Trt)-Thr(Ile-Tyr(tBu)
Me-Fmoc)-Leu-Linker-Resin

(Previously named: Isobutyryl-Gln(Trt)-Thr(lle-N-me-Tyr
(tBu)-Fmoc)-Leu-Linker-Resin)

Isobutyryl-Gln(Trt)-Thr(Ile-Fmoc)-Leu-Linker-Resin
(172 g, 72 mmol) was swollen by stirring in two subsequent
portions of dimethylformamide (1300 mL) for 30 min each.
Fmoc protecting group was cleaved by two subsequent wash-
ings with 20% piperidine in dimethylformamide (1400 mL)
for 5 min and 15 min respectively. The resin was washed by
several alternating washes with dimethylfomamide and 1so-
propanol. Phenolphtalein and water were added to a sample
of the final wash solution. The absence of pink colour proofed
successiul removal of piperidine.

The resin was washed with dimethylformamide (1100 mL)

three times to prepare for the following coupling step.
A solution of Fmoc-N-methyl-Tyr(tBu)-OH (68.7 g, 144

mmol) and HATU (55.1 g, 144 mmol) 1n dimethylformamide
(700 mL) was prepared and added to the peptide-resin, fol-
lowed by the addition of a solution of Ethyl-diisopropylamine
(37.5 g 289 mmol) 1n dimethylformamide (100 mL) under
stirring. pH checks immediately after addition of the coupling
solution and after 1 h of reaction gave the same result (pH 10)
The solution was stirred for 2 h until a ninhydrin test showed
complete reaction. The solution was filtered of and the resin
was washed with dimethylformamaide and 1sopropanol alter-
natingly.

The batch was directly subjected to the next step without
drying and further analysis.

1B(8) Coupling of Fmoc-Ile-OH

Preparation of Isobutyryl-Gln(Trt)-Thr(Ile-Tyr(tBu)
Me-IleFmoc)-Leu-Linker-Resin

(Previously named: Isobutyryl-Gln(Trt)-Thr(lle-N-me-Tyr
(tBu)-lle-Fmoc)-Leu-Linker-Resin. )

The wet Isobutyryl-Gln(Trt)-Thr(Ile-Tyr(tBu)Me-Fmoc)-
Leu-Linker-Resin (72 mmol) was swollen by stirring in two
subsequent portions of dimethylformamide (1200 mL and
1300 mL) for 30 min each. Fmoc protecting group was
cleaved by two subsequent washings with 20% piperidine 1n
dimethylformamide (1400 mL) for 5 min and 15 min respec-
tively. The resin was washed by several alternating washes
with dimethylfomamide and isopropanol. Phenolphtalein and
water were added to a sample of the final wash solution. The
absence of pink colour proved successiul removal of piperi-
dine.

The resin was washed with dimethylformamide (1100 mL)
three times to prepare for the following coupling step.

In a round bottom flask a solution of Fmoc-Ile-OH (103.9
g, 294 mmol) COMU (125.9 g, 294 mmol) and Ethyldiiso-
propylamine (76 g, 588 mmol) in dichloromethane (440 mL)
and dimethylformamide (440 mL) was prepared.

The solution was added to the resin and the reaction mix-
ture stirred for 20 h. After that time a ninhydrin test was done,
showing complete reaction. The solution was filtered oil and
the resin was washed with dimethylformamide and 1sopro-
panol alternatingly.

The resin was dried in vacuo and vyielded 185.5 g of dry

Isobutyryl-Gln(Trt)-Thr(Ile-Tyr(tBu)Me-Ile-Fmoc)-Leu-
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Linker-Resin. The loading with Fmoc groups was determined
to be 0.40 mmol/g. Thus a quantitative yield of 74 mmol
resulted.

1B(9) Coupling of Synthon 1 and Cleavage of Final
Fmoc Protecting Group

Preparation of Isobutyryl-Gln('Trt)-Thr(Ile-Tyr(tBu)
Me-Ile-Synthon 1-H)-Leu-Linker-Resin

Previously Named: Isobutyryl-Gln(Trt)-Thr(I le-N-me-Tyr-
Ile-Synthon 1-H)-Leu-Linker-Resin

Isobutyryl-Gln(Irt)-Thr(Ile-Tyr(tBu)Me-Ile-Fmoc)-Leu-
Linker-Resin (30 g, 12 mmol) was swollen by stirring 1n two
subsequent portions of dimethylformamide (240 mL and 2350
ml) for 30 min each.

Fmoc protecting group was cleaved by two subsequent
washings with 20% piperidine 1n dimethylformamide (250
mlL) for 5 min and 15 min respectively. The resin was washed
by several alternating washes with dimethylfomamide and
isopropanol. Phenolphtalein and water were added to a
sample of the final wash solution. The absence of pink colour
proved successiul removal of pipenidine.

The resin was washed with dimethylformamide (250 mL)
three times to prepare for the following coupling step.

In a round bottom flask, a solution of synthon 1 (14.6 g,
24.6 mmol) PyBOP (12.85 g, 24.6 mmol) and Ethyldiisopro-
pylamine (6.4 g, 49.2 mmol) in dimethylformamide (120 mL)
was prepared.

The solution was added to the resin and the reaction mix-
ture stirred for 3 h. After that time a ninhydrin test confirmed
complete reaction. The solution was filtered oif and the resin
was washed with dimethylformamide and 1sopropanol alter-
natingly.

The resulting peptide-resin was swollen by stirring 1n two
subsequent portions of dimethylformamide (250 mL) for 30
min each.

Fmoc protecting group was cleaved by two subsequent
washings with 20% piperidine 1n dimethylformamide (250
mL) for 5 min and 15 min respectively. The peptide-resin was
washed by several alternating washes with dimethylioma-
mide and 1sopropanol.

Finally the peptide-resin was washed three times with
dichloromethane (250 mL) to prepare for the cleavage of the
peptide.

1B(10) Cleavage of Precursor Peptide 1 from Solid
Support

Preparation of Isobutyryl-Gln(Trt)-Thr(Ile-Tyr(tBu)
Me-Ile-Synthon 1-H)-Leu-OH (=Precursor peptide
1)

Previously Named: Isobutyryl-Gln(Trt)-Thr(Ile-N-me-Tyr
(tBu)-Ile-Synthon 1-H)-Leu-OH

To the wet Isobutyryl-Gln(Trt)-Thr(Ile-Tyr(tBu)Me-Ile-
Synthon 1-H)-Leu-Linker-Resin, a mixture of acetic acid
(125 mL) and dichloromethane (125 mlL) was added and the
suspension stirred for 2 h. The suspension was filtered and the
filtrate collected 1 a round bottomed flask (filtrate 1). The
resin was washed twice with dichloromethane (250 mL) and
the washes were combined with filtrate 1.

The resin was treated with a fresh portion of acetic acid
(125 mL) and dichloromethane (125 mL) for another 2 h. The

suspension was filtered and the filtrate collected in a round
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bottomed flask (filtrate 2). The resin was washed twice with
dichloromethane (250 mL) and the washes combined with
filtrate 2.

Acetic acid (200 mL) and dichloromethane (50 mL) were
added to the resin and the suspension stirred over night. The
suspension was filtered and the filtrate collected as filtrate 3.

The three filtrates were worked up separately to assess the
cifectiveness of the cleavage method. The filtrates were con-
centrated 1n a rotary evaporator and the residual acetic acid
removed by azeotropic distillation with three portions of tolu-
ene (100 mL). The oily residues were then dried 1n high vacuo
at a lyophilisator. Yield: filtrate 1: 12.5 g, filtrate 2: 2.1 g,
filtrate 3: 0.3 g.

The crude material, Precursor peptide 1, was purified by
RP-chromatography, the fractions concentrated 1n a rotary
evaporator and the concentrate freeze dried. Purity: 98.8%
Yield: 8.5 g (48% for the last two steps). The product was
characterized by, 1H-NMR, '"C-NMR and HR-MS. The
spectra confirmed the proposed structure. The NMR spectra
indicated the presence of several conformations.

HR-MS: calculated for Cgi.H,,;N,O,;51:
1485.85039. Found: [M+H]": 1485.84929.

M+H]™*:

Second SPPS-Synthesis of Precursor Peptide 1
Using a Chlormated Resin

1B(11) Immobilization of the First Amino Acid
(Fmoc-Leu-OH)

2-Chlorotrityl chloride resin (30 g, L=1.2 mmol/g; Merck
Novabiochem 855017) was swelled with 240 ml of dried
DCM for 10 min and then the solvent was drained, the solid
phase reactor was kept close under a soft mitrogen stream. In
the meantime, 1n a round bottom flask were mixed Fmoc-Leu-
OH (42.6 g, 120.8 mmol) and 100 ml of dry 1,4-Dioxane. The
solvent was evaporated under vacuum at45° C., then a second
portion of 1,4 dioxane was added. The solvent was evaporated
again under vacuum at 45° C. until a colorless o1l residue was
obtained. To this oily residue were then added sequentially
dry DCM (155 mL) and DIPEA (40.4 mL), the solution was
added 1n one single portion to the pre-swollen resin and then
5> min later a second portion of DIPEA (16.5 mL) was added.
The suspension was stirred for 2 h and the reaction medium
was drained. In order to quench potential non-reacted chlo-
ride, 240 ml of a quenching solution of DCM/MeOH/DIPEA
(70/15/15, v/iv) was added and the mixture was stirred for 10
min. A loading of 0.95 mmol/g was measured.

General Protocol for Fmoc Cleavage:

To the pre-swollen resin were added 240 ml of a solution of
25% piperidine 1in DMF, the suspension was stirred for 5
minutes and then the reaction mixture was removed by filtra-
tion, then a second portion of the same solution of piperidine
was added, the suspension was stirred for 15 minutes and then
the solvent was removed by filtration.

Resin Washing with Drying Down:

The resin was washed as follows:
250 ml of DMF (6x2 min)

250 ml of IPA (3x2 min)
250 ml of TBME (6x2 min)

The resin was dried overnight under vacuum at 40 C.° to

obtain 33.7 g of H-Leu-Resin.

1B(12): SPPS synthesis of H-Thr-Leu-Resin

H-Leu-Resin (30 g) from the previous step was swollen
with 270 ml of DMF for 30 min then the solvent was drained.
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In a round bottomed flask (RBF) were mixed Fmoc-Thr-
OH (25.0 g, 73.2 mmol), BOP (40.4 g, 91.5 mmol) and DMF
(250 mL), the mixture was stirred for 2 min and then DIPEA
(18.9 g, 146.4 mmol) was added. The mixture thus obtained
was added 1n one portion to the pre-swollen peptide-resin and
the reaction mixture was stirred for 2.5 h. The Kaiser test was
positive and therefore a second coupling was done according,
to the conditions previously described. After 1.0 h the Kaiser
test was negative and the reaction was considered to be com-
plete and the reaction medium was removed via filtration.

The resin was washed as follows:

250 ml DMF (4x2 min)
250 ml IPA (3x2 min)
250 ml TBME (5x2 min).

The resin was dried over night under vacuum at 40 C.°
yielding 52.2 ¢ of Fmoc-Thr-Leu-Resin ready for the Fmoc-
cleaving step.

Fmoc Cleavage:

The resin (52.2 g) was suspended 1n 272 ml of DMF and
stirred for 1.0 h then the solvent was removed by filtration.

The Fmoc protecting group was cleaved 1n the same man-
ner as described for 1B(11) and the peptide-resin was washed
as follows:

250 ml DMF (6x2 min)
250 ml IPA (3x2 min)
250 ml TBME (6x2 min)

The resin was dried overnight under vacuum at 40 C.°
yielding 39.9 g of H-Thr-Leu-Resin

1B(13): SPPS Synthesis of
H-Gln(Trt)-Thr-Leu-Resin

H-Thr-Leu-Resin from the previous step (39.9 g) was
swollen with 270 ml of DMF for 30 min then the solvent was
drained.

In an RBF were mixed Fmoc-GIn(Trt)-OH (44.7 g, 73.2
mmol), BOP (40.4 g, 91.5 mmol) and 250 ml of DMF. The
mixture was stirred for 2 min and then DIPEA (18.9 g, 146.4
mmol) was added. The resulting mixture was added in one
portion to the pre-swollen H-Thr-Leu-Resin and the reaction
mixture was stirred for 2.5 h, the Kaiser test was negative,
then the reaction was considered to be complete and the
reaction medium was removed via filtration.

The resin was washed as follows:

250 ml DMF (4x2 min)
250 ml IPA (3x2 min)
250 ml DMF (4x2 min)

The wet peptide-resin was used for the Fmoc-cleaving step
without any further mampulation.
Fmoc Cleavage:

The fmoc protecting group was cleaved according to the
procedure described i step 1B(11). Then the resin was
washed as follows:

250 ml DMF (4x2 min)
250 ml IPA (3x2 min)
250 ml TBME (5x2 min)

The resin was dried overnight under vacuum at 40 C.°
yielding 54.4 g of H-GIn('Irt)-Thr-Leu-Resin.

1B(14): SPPS Synthesis of
Isobutyryl-Gln(Trt)-Thr-Leu-Resin

The peptide-resin from the previous step (54.4 g) was
swollen with 270 ml of DMF for 30 min, then the solvent was
drained.
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In a RBF were mixed Isobutyric acid (6.4 g, 73.2 mmol),
PyBop (38.1 g, 73.2 mmol) and 230 ml of DMF, the mixture

was stirred for 2 min and then DIPEA (28.3 g, 219.6 mmol)

was added. The solution was added in one portion to the
pre-swollen peptide-resin and the reaction mixture was
stirred for 1.5 h. The Kaiser test was negative, then the reac-
tion was considered to be complete and the reaction medium
was removed via filtration.

The resin was washed as follows:
250 ml DMF (4x2 min)

250 ml IPA (3x2 min)
250 ml TBME (3x2 min).
The resin was dried overnight under vacuum at 40 C.°

yielding 535.8 g of Isobutyryl-Gln(Trt)-Thr-Leu-Resin.

1B(15): SPPS Synthesis of Isobutyryl-Gln(Trt)-Thr
(Ile-H)-Leu-Resin

The peptide-resin coming from the previous step (535.8 g)
was suspended 1n 250 ml of dry DCM for 1.0 h. Then the
solvent was removed by filtration and the wet peptide-resin
was kept under a soft stream of nitrogen and the temperature
was adjusted to 0-5° C.

In a RBF were mixed Fmoc-Ile-OH (31.7 g, 146.4 mmol),
and 150 ml of dry dioxane. The solvent was evaporated under
vacuum at 45° C. until an oily residue was observed. The

distillation process was repeated and then to the residue were
added 150 ml of dried DCM, the solution was cooled to —10°

C. and MSNT (43.3 g, 146.4 mmol) was added, the suspen-
sion was stirred for 3 min and then N-methyl-imidazole (14 .2
g. 173 mmol) was added, the mixture was stirred for 2 min and
the solution was added dropwise in 10 min to the above
prepared peptide-resin. After the addition was finished the
suspension was stirred under a nitrogen atmosphere for 2.0 h

The resin was washed as follows:
250 ml DMC (4x2 min)

250 ml DMF (3x2 min)

The wet peptide-resin was used for the Fmoc-cleaving step
without any further manipulation.
Fmoc Cleavage:

The Fmoc protecting group was cleaved according to the
general protocol described 1n 1B(11)

After the Fmoc cleavage was done, the resin was washed as

follows:
250 ml DMF (5x2 min)

250 ml IPA (3x2 min)
250 ml TBME (5x2 min)

The resin was dried overnight under vacuum at 40 C.°
yielding 57.2 g of Isobutyryl-Gln(Trt)-Thr(O-Ile-H)-Leu-
Resin.

1B(16): SPPS synthesis of Isobutyryl-Gln(Trt)-Thr
(O-lle-Tyr(tBu)MeN)-Leu-Resin

The peptide-resin coming from the previous step (57.2 g)
was suspended 1n 250 ml DMF for 30 min. for swelling, then

the solvent was removed by filtration.

In a RBF were mixed Fmoc-NMeTyr(tBu)-OH (52.0 g,
109.8 mmol), HATU (41.7 g, 109.8 mmol) and 230 ml of
DMF and the mixture was stirred for 2 min. Then DIPEA
(28.3 g, 219.6 mmol) was added and the solution was stirred
for 2.0 min. The resulting solution was then added to the
pre-swollen peptide-resin.

The reaction mixture was stirred for 1.0 h and a Kaiser-test
was performed. The Kaiser test was negative. The reaction
was considered to be complete and the reaction medium was
removed via filtration.
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The peptide-resin was washed as follows:
250 ml DMF (4x2 min)

250 ml IPA (1x2 min)

The wet peptide-resin was used for the Fmoc-cleaving step
without any further manipulation.
Fmoc Cleavage:

The Fmoc protecting group was cleaved according to the
general protocol used 1n 1B(11).

After the Fmoc cleavage was done, the resin was washed as

follows:

250 ml DMF (5x2 min)
250 ml IPA (1x2 min)
250 ml DMF (5x2 min)
The obtammed 1sobutyryl-Gln(Trt)-Thr(Ile-Tyr(tBu)Me-
H)-Leu-Resin was used for the next step without drying.

1B(17): SPPS Synthesis of Isobutyryl-Gln(Trt)-Thr
(Ile-Tyr(tBu)Me-Ile-H)-Leu-Resin

Isobutyryl-Gln(Irt)-Thr(Ile-Tyr(tBu)Me-H)-Leu-Resin
from the previous step was swollen with 270 ml of DMF {for

30 min, then the solvent was drained.

In a round bottomed flask were mixed Fmoc-Ile-OH (38.8
g, 109.8 mmol), HATU (41.7 g, 109.8 mmol) and DMF (250
ml.), the mixture was stirred for 2 min and then DIPEA (28.3
g, 219.6 mmol) was added. The solution was added 1n one

portion to the pre-swollen peptide-resin and the reaction mix-
ture was stirred for 2.0 h, The Chloranil test was positive and

then a second coupling with Fmoc-Ile-OH was performed. 3
h after the second coupling, the peptide-resin was 1solated by
filtration.

The peptide-resin was washed as follows:

250 ml DMF (4x2 min)
250 ml IPA (3x2 min)
250 ml DMF (4x2 min)

The wet peptide-resin was used for the Fmoc-cleaving step
without any further mampulation.
Fmoc Cleavage:

The Fmoc protecting group was removed 1n the same man-
ner as described in 1B(11), and the peptide-resin was washed
as follows.

250 ml DMF (5x2 min)
250 ml IPA (3x2 min)
250 ml TBME (4x2 min).

The peptide-resin was dried overmight under vacuum at 40
C.° yielding 67.0 g of Isobutyryl-Gln(Trt)-Thr(Ile-Tyr(tBu)
Me-Ile-H)-Leu-Resin.

1B(18): SPPS synthesis of Isobutyryl-Gln(Trt)-Thr
(Ile-Tyr(tBu)Me-Ile-Synthon 1-H)-Leu-Resin

Isobutyryl-Gln(Trt)-Thr(Ile-Tyr(tBu)Me-Ile-H)-Leu-
Resin from the previous step (33.5 g) was suspended 1n 150
ml of DMF for 30 min then the solvent was drained. In a RBF
were mixed Fmoc-Synthon 1-OH (34.3 g, 57.8 mmol),
PyBop (30.0 g, 57.7 mmol) and 113 ml of DMF, the mixture
was stirred for 2 min and then DIPEA (14.9 g, 115.2 mmol)
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was added. The solution was added in one portion to the
pre-swollen peptide-resin and the reaction mixture was
stirred for 2.0 h. The reaction medium was removed by filtra-
tion.

The peptide-resin was washed as follows:

150 ml DMF (4x2 min)
150 ml IPA (3x2 min)

150 ml DMF (4x2 min)
The wet peptide-resin was used for the Fmoc-cleaving step

without any further manipulation.
Fmoc Cleavage:

The Fmoc protecting group was removed 1n the same way
as 1 1B(11) but using 150 ml of the piperidin solution, and

the peptide-resin was washed as follows.
150 ml DMF (5x2 min)
150 ml IPA (3x2 min)
150 ml TBME (4x2 min)

The peptide-resin was dried overnight under vacuum at 40
C.° yielding 36.0 g of Isobutyryl-Gln(1rt)-Thr(Ile-Tyr(tBu)
Me-Ile-Synthon 1-H)-Leu-Resin.

1B(19): Alternative SPPS Synthesis: Cleavage of
Peptide from Solid Support

Isobutyryl-Gln(Trt)-Thr(Ile-Tyr(tBu)Me-Ile-Synthon
1-H)-Leu-Resin from the previous step (29.75 g) was treated
with 350 ml of dried DCM for 1.0 h, the solvent was removed
by filtration and then 350 ml of a solution 01 30% v/v HFIP 1n
DCM was added. The mixture was stirred for 10 min and then
the solvent was removed by filtration and kept aside. To the
wet resin was added a second portion of the same HFIP
solution and the solution was stirred for 10 min, then the

solvent was removed by filtration and pooled with the previ-
ous solution. The resin was washed 3 times with DCM (350
ml) and the washes were combined with the cleavage solu-
tions.

The combined solution was concentrated under vacuum
until an o1ly residue was observed and then 200 ml of toluene
was added, the solvent was evaporated under reduced pres-
sure at 45° C. until an o1ly residue was obtained. 350 ml of
hexane was added and the suspension was stirred for 2 h. The
solvent was removed by filtration and the filter cake was
washed with hexane (50 ml), the wet cake was dried overnight
under vacuum at 33° C. to yield 19.24 g of crude precursor
peptide 1 (=Isobutyryl-Gln(Trt)-Thr(Ile-Tyr(tBu)Me-Ile-
Synthon 1-H)-Leu-OH).

Part of the crude precursor peptide 1 (6.0 g) was purified by
RP-chromatography, the product fractions were concentrated
in a rotary evaporator and the concentrate was freeze dried to
obtain 2.2 g of pure precursor peptide 1 1n 99.3% a purity.
Product containing side fractions were treated similarly to
obtain additional 1.25 g of less pure precursor peptide 1n
71.4% a punity. Extrapolated for the whole amount of crude
precursor peptide 1 (19.24 g), this would correspond to 7.05
g pure precursor peptide 1 from major fractions and addi-
tional 4.01 g precursor peptide 1 (1n 71.4% a purity) from side
fractions.
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1C Solution Phase Synthesis of Compound 8

Reaction Scheme 3

. Precursor peptide 1

AN Compound 6

|

52
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O
O
N
Compound 7/
1C(1) Synthesis of Compound 6

(S)—N"-((3S,68,9S,12S,15S,18S,19R)-6-(4-(tert-
butoxy)benzyl)-3,9-d1((S)-sec-butyl)-12-(3-((tert-
butyldiphenylsilyl)oxy )propyl)-15-1sobutyl-7,19-

dimethyl-2,5,8,11,14,17-hexaoxo-1-oxa-4,7,10,13,
1 6-pentaazacyclononadecan-18-yl)-2-1sobutyramido-
N°-tritylpentanediamide

A cloudy solution/suspension of Precursor peptide 1 (1.9 g,
1.28 mmol) 1n acetonitrile (120 mL) was added during 90 min
to a stirred mixture of HATU (972 mg, 2.56 mmol) and

DMAP (468.6 mg, 3.84 mmol) 1n acetonitrile (100 mL) at 35°
C. The dropping funnel was washed with acetonitrile (30
mL). An IPC(HPLC) after the addition of the suspension
indicated the absence of the precursor peptide and the
completion of the cyclization. For work-up, the solvent was
evaporated under reduced pressure until a final volume of ca.
50 mL and the residue was diluted with 1sopropyl acetate
(250). The organic phase was extracted with water (2x100
ml.) and the solvent was evaporated under reduced pressure
to obtain 2.3 g of crude product. The crude product was
purified by flash-chromatography on silicagel with ethyl
acetate as mobile phase to obtain 1.79 g (1.22 mmol) com-
pound 6 as a foam. Yield: 95%. The product was characterized
by, '"H-NMR '*C-NMR and HR-MS. The spectra confirmed
the proposed structure. NMR spectra indicated the presence
ol several conformations.

HR-MS: calculated for C,.H,,,N.O,,S1: [M+H]:
1467.83983; [M+NH,]":1484.86637; [M+Na]™:
1489.82177. Found: [M+H]":1467.83984; [M+NH,]":
1484.86555; [M+Na]™: 1489.82073.

Second Example for the Synthesis of Compound 6
(15 g Scale)

A solution of the precursor peptide 1 (15.0 g) 1n t-butyl-
methyl-ether (750 mL) was added slowly during 1.5 h to a
pre-cooled solution of DMAP (2.80 g) and HATU (5.87 g) in
acetonitrile (375 mL) at 0° C. The reaction mixture was
stirred for additional 30 min at room temperature. The reac-
tion mixture was then diluted with t-butyl-methyl-ether (750

NH

54
OH
O
AN
N
2> ml.) and poured onto half-saturated ag. NaCl-solution (1500
mlL). The phases were separated and the organic phase was
extracted again with half-saturated aq. NaCl-solution (1500
ml.). The organic layer was separated and the solvent was
. partly evaporated under reduced pressure to a final volume of
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ca. 175 mL. This solution was filtered over silica gel (column
with 225 g silica gel) using t-butyl-methyl-ether as mobile
phase. Evaporation of the solvent and drying in vacuo at

40-45° C. gave compound 6 1 97.53% purity according to
HPLC. Yield: 14.19 g (95.7%).

1C(2) Synthesis of Compound 7

(S)—N'-((3S,6S,98,128,158S,18S,19R )-6-(4-(tert-
butoxy)benzyl)-3,9-d1((S)-sec-butyl)-12-(3-hydrox-
ypropyl)-13-isobutyl-7,19-dimethyl-2,5,8,11,14,17-

hexaoxo-1-oxa-4,7,10,13,16-
pentaazacyclononadecan-18-yl)-2-1sobutyramido-
N°-tritylpentanediamide

Compound 6 (1.79 g, 1.22 mmol) was dissolved in tetrahy-
drofurane (60 mL) and Et,N(HF), (6.62 g, 41.1 mmol) was
added at room temperature. The reaction mixture was stirred
at room temperature for 8.5 hours, then diluted with 1sopropyl
acetate (200 mL), and the resulting solution/suspension was
slowly added to an intensively stirred saturated aq. NaHCO,-
solution. The organic phase was separated and extracted with
water (100 mL). Evaporation of the solvent under reduced
pressure gave 1.86 g crude product, which was purified by
flash-chromatography on silica gel with ethyl acetate/isopro-
panol (95:5) as mobile phase to obtain 1.24 g (1.00 mmol) of
compound 7.

Yield: 82%.

The product was fully characterized by IR, NMR and MS.
The spectra confirmed the proposed structure.

HR-MS: calculated for C HgNiO,5:
1229.72205; [M+NH,]": 1246.74860;

[M+Na]™: 1251.70399. Found: [M+H]™: 1229.72128;
[M+NH_]|":1246.74780;

[M+Na]™:1251.70310.

M+H]™:
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Second Example for the Preparation of Compound 7
(14 g Scale)

Compound 6 (14.0 g, 9.537 mmol) was dissolved in tet-
rahydrofuran (220 mL) and t-butyl-methyl-ether (116 mL)
was added. The solution was treated with Et,N(HF),(23.05 g)

by slow addition within 10 minutes. The reaction mixture was
stirred for 24 h at room temperature. For work-up the reaction
mixture was diluted with t-butyl-methyl-ether (570 mL) and
the mixture was poured onto half saturated aq. NaHCO,-
solution (632 mL). The biphasic mixture was stirred for 30
min and the phases were separated. The organic phase was
extracted with water (280 mL). Both aqueous phases were
extracted with t-butyl-methyl-ether (380 mL ) and the organic
phases were combined. The organic phase was dried over
anhydrous MgSQO,, (8.0 g) and the solvent was partly evapo-
rated under reduced pressure to a final volume of ca. 100 mL.
Toluene (140 mL) was added and the solvent was evaporated

again to a final volume of 80 mL. This solution was diluted
with t-butyl-methyl-ether (70 mL) and the product was pre-
cipitated by slow addition of heptanes (140 mL) during 30

—

min. The formed suspension was heated to 50-33° C. and

stirred for 30 min at this temperature. The suspension was
then cooled down to 0° C. within 30 min, stirred at 0° C. for
2 h and the product was 1solated by filtration. The product, a

white precipitate, was dried 1n vacuo to obtain 11.08 g of

compound 7. (94.5% yield). HPLC of the product indicated
9’7 a % purity.

1C(3) Synthesis of Compound 8 (see Reaction
Scheme 4 for Structure)

(S)—N'-((3S,6S8,9S,128,158S,18S,19R)-6-(4-(tert-
butoxy)benzyl)-3,9-d1((S)-sec-butyl)-15-1sobutyl-7,
19-dimethyl-2,5,8,11,14,17-hexaoxo-12-(3-oxopro-
pyl)-1-oxa-4,7,10,13,16-pentaazacyclononadecan-

18-y1)-2-isobutyramido-N>-tritylpentanediamide

Compound 7 (1.2 g, 0.98 mmol) was dissolved 1n a mixture
of tetrahydrofuran (190 mL) and dimethyl sulfoxide (62 mL).
1-Hydroxy-1,2-benziodoxol-3(1H)-one 1-oxide (IBX) (2.42
g 45% g/g, 3.9 mmol) was added and the solution was stirred
for ca. 4.5 hours, after which time HPLC indicated disappear-
ance of the starting material (compound 7). The reaction
mixture was then poured onto saturated, aq. NaHCO,-solu-
tion (300 mL) and was extracted with dichloromethane
(2x300 mL). The organic layers were combined and were
washed with water (2x300 mL). Evaporation of the solvent
under reduced pressure gave 2.31 g of crude product as a

foam. The crude product was purified by flash-chromatogra-
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phy on silicagel with ethyl acetate/isopropanol (95:5) to
obtain 1.16 g of a product mixture, comprising at least 2
products with the desired mass 1n LC-MS. The product mix-

ture was used as such for the next step.

HR-MS (major 1somer): calculated for C, Hy,NL,O,,:
[M+H]™: 1227.70640; [M+NH_,]": 1244.73295; [M+Na]™:
1249.68834. Found: [M+H]™: 1227.70599; [M+NH,]":
1244.73200; [M+Na]™: 1249.68733.

HR-MS (minor i1somer): calculated for C, Hy,,NL,O,,:
[M+H]™: 1227.70640; [M+NH_,]": 1244.73295; [M+Na]™:
1249.68834. Found: [M+H]™: 1227.70598; [M+NH_]™:
1244.73198; [M+Na]™: 1249.68751.

Second Example for the Synthesis of Compound 8
(10 g Scale)

Compound 7 (10.0 g, 8.13 mmol) was dissolved 1n tetrahy-
drofuran (127 mL) and dimethylsulfoxide (42 mL). To this
solution, 1-Hydroxy-1,2-benziodoxol-3(1H)-one 1-oxide
(IBX) (15.18 g, 45% m/m, 24.4 mmol) was added under
intense stirring at room temperature. The reaction mixture
was stirred for 16 h at room temperature. The reaction mixture
was then poured onto aq. NaHCO;-solution (500 mL) and
cthyl acetate (250 mL) was added. The biphasic mixture was
stirred for 30 minutes and the layers were separated. The
organic phase was washed with half-saturated aq. NaCl-so-
lution (250 mL) and the layers were separated. The water

the

organic phases were combined. The combined organic phase

layers were extracted with ethyl acetate ((250 mL) and

was dried on anhydrous magnesium sulfate and the solvent
was partly evaporated to obtain ca. 50 g solution. This solu-
tion was tlashed over a silica gel column (100 g silica gel)
using ethyl acetate/methanol (98:2 v/v) as mobile phase. The
product solution (537.4 g) thus obtained was treated with
toluene (135 mL) and the resulting solution was concentrated
to 112 g final weight by partly evaporation of the solvent at
45° C. under reduced pressure. The resulting solution was
cooled to 0° C. and heptanes (135 mL) was added during 30
min. The suspension thus obtained was stirred for 1 h at 0° C.,
the product was 1solated by filtration and washed with hep-
tanes (2x30 mL). Finally the product was dried in vacuo at
45° C. over night to obtain 8.824 g of a mixture of compound

8 and its hemiaminal-isomers. Yield: 88.4%.



US 8,614,289 B2

S7
1D Synthesis of Compound A

(S)—N'-(2S,5S8,8S8.11R,12S8,15S,18S,21R)-2,8-di-
(S)-sec-butyl-21-hydroxy-5-(4-hydroxybenzyl)-15-
1sobutyl-4,1'-dimethyl-3,6,9,13,16,22-hexaoxo-10-
oxa-1.,4,7,14,17-pentaazabicyclo[16.3.1]docosan-12-
yl)-2-1sobutyramidopentanediamide

Reaction Scheme 4:
Compound 7
O '/\/O
- O
H \{
. O NH N
N o
. NW 0
H
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N
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+  c¢yclic hemiaminal-isomers

Compound A-Dehydrate
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-continued

Compound 8 (2.0 g) was dissolved 1n dichloromethane
(400 mL) and the solution was cooled down to 0° C. Trifluo-
roacetic acid (113.9 g) was added to the stirred solution at 0°
C. and the reaction mixture was stirred for 4 h at 0° C.
Dichloromethane (400 mL) was added at this temperature,
tollowed by the addition of water (20 g). The reaction mixture
was allowed to warm-up to room temperature and stirring was
continued for additional 5 hours at room temperature. For
work-up, the reaction mixture was poured onto a stirred solu-
tion of sodium acetate (165.1 g) in water (800 mL) and ethyl
acetate (400 mL) was added to obtain a solution. The upper
layer (aqueous phase) was removed and the lower organic
phase (dichloromethane phase) was washed with water
(2x200 mL). The water layers were extracted with ethyl
acetate (200 mL) and the organic layers were combined. The
solvent was removed under reduced pressure to obtain crude
Compound A as a mixture of 5- and 6-ring 1somers (see
Reaction Scheme 3), accompanied by trityl alcohol and other
byproducts of the reaction.

The crude product was purified by RP-chromatography on
Silica Kromasil 100-10-C8 with a gradient of acetonitrile/
water as mobile phase. The product containing fractions were
evaporated to remove acetonitrile, the precipitate was dis-
solved 1n ethyl acetate and the solvent was removed under
reduced pressure to obtain 0.895 g of compound A; yield:
59.1%. The product was fully characterized by NMR and MS
and the spectra of the product were 1dentical to Compound A

from fermentation.

HR-MS: Calculated for
029.53425; [M+NH_]": 946.56080; [M+Na]": 951.51619.
Found: [M+H]": 929.53445; [M+NH,]": 946.56129;
[M+Na]™: 951.51624.

"H-NMR (600 MHz, d.-DMSO) §,,: -0.11 (3H, d, J=6.2
Hz), 0.64 (4H, m), 0.77 (3H, d, J=6.2 Hz), 0.81 (3H, t, J=7.3
Hz),0.84 (3H,d, J=7.0Hz),0.88 (3H, d, J=6.6 Hz), 1.02 (3H,
d, J=6.7 Hz), 1.02 (1H, m), 1.03 (3H, d, J=6.7 Hz), 1.09 (1H,
m), 1.20 (3H, d, J=6.2 Hz), 1.24 (1H, m), 1.39 (1H, m), 1.51
(1H, m), 1.75 (6H, m), 1.83 (1H, m), 1.92 (1H, m), 2.12 (2H,
m), 2.47 (1H, m), 2.58 (1H, m), 2.67 (1H, m), 2.71 (3H, s),
3.16(1H,d, J=14.2Hz),4.30(1H,m),4.34 (1H, m),4.42 (1H,
d,J=10.6 Hz),4.45(1H,m),4.61 (1H,d, J=9.2 Hz), 4.71 (1H,
dd, J=9.5,5.5Hz),4.93 (1H, 5),5.05 (1H, dd, J=11.4, 2.6 Hz),
548 (1H, m), 6.07 (1H, d, J=2.6 Hz), 6.64 (2H, d, J=8.4 Hz),
6.73 (1H,s),6.99(2H,d, JI=8.4 Hz), 7.25 (1H, s), 7.35 (1H, d,

CasH720 N [M+H]™:

O ‘e N
Y W“'N ~
H
O
LN 0 ‘/\

\/\OH

5-ring hemiaminal 1somer
1=9.2 Hz), 7.64 (1H, d, 1=9.5 Hz), 7.73 (1H, d, J=9.2 H2).
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8.01 (1H, d, J=7.7 Hz), 8.42 (1H, d, J=8.8 Hz), 9.17 (1M, s).

13C-NMR (150 MHz, d.-DMSO) 8. 10.35, CH,; 11.21
CH,; 13.85, CH,; 16.00, CH,; 17.68, CH,; 19.52, 2xCHs:
20.89,CH.: 21.75, CH,: 23.30, CH.: 23.74. CH,; 24.21, CH:
24.48, CIHL: 27.35, CH.: 29.78, CIL: 30.08, CH.: 31.49,
CH.; 33.18, CH: 33.24, CH,: 33.76, CH, 37.41, CH; 39.23,
CH.: 48.84, CH; 50.69, CH: 52.11, CH: 54.17 CH: 54.70,
CH; 55.31, CH; 60.66, CH; 71.89, CH; 73.97, CH; 115.32,
2xCH; 127.34, Cq; 130.37, 2xCH; 156.27, Cq; 169.12, Cq:
169.29, Cq; 169.37, Cq; 169.79 Cq; 170.65, Cq; 172.40, Cq:
172.53, Cq; 173.87 Cq; 176.38, Cq.

Second Example for the Synthesis of Compound A
(8.5 g Scale)

Compound 8 (8.5 g, 6.924 mmol) was dissolved 1n dichlo-
romethane (595 mL) and the solution was cooled to 0° C. A
solution of trifluoroacetic acid (127.5 mL) in dichlo-
romethane (127.5 mL) was added to the cooled solution,
maintaining the temperature at 0-5° C. The reaction mixture
was stirred for 5.5 h at 0° C. and was diluted with dichlo-
romethane (850 mL), followed by addition of water (42.5
mlL.). The reaction mixture was allowed to warm up to room
temperature and was stirred for 17.5 h at room temperature.
For work-up, the reaction mixture was poured onto a stirred,
biphasic mixture of aqueous sodium acetate (169 g sodium
acetate 1n 722 g water) and ethyl acetate (700 mL). The phases
were separated and the organic phase was washed again with
aqueous sodium acetate solution (169 g sodium acetate in 722
g water). The layers were separated and the organic phase was
washed with water (2x850 mL). The individual aqueous
phases were extracted with ethyl acetate (700 mL) and the
organic layers were combined. The organic layer was dried
over anhydrous magnesium sulfate and the solvent was partly
evaporated at 40-45° C. under reduced pressure to obtain 187
g of a thin suspension. Heptane (187 g) was added within 15
minutes and the suspension formed was cooled to 0° C. The
suspension was stirred for 1 h at 0° C. and the product was
1solated by filtration. The crude product was dried 1n vacuo at
40° C. to obtain 5.65 g crude compound A. Crude yield:
87.8%.

0.96 g of the crude product was purified by RP-chroma-
tography on Silica Kromasil 100-10-C8 with a gradient of
acetonitrile/water as mobile phase. The product containing
fractions were evaporated to remove acetonitrile, the precipi-
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tate was dissolved 1n ethyl acetate and the solvent was partly
removed under reduced pressure to obtain 40 g of a solution.
Heptane (40 g) was added to the stirred solution during 30
min at room temperature and the resulting suspension was
stirred at room temperature for additional 2 h. The product
was 1solated by filtration and washed with ethyl acetate/hep-
tane (1:1, 2x10mlL). The product was dried 1n vacuo at 40-45°
C. for 16 h to obtain 0.702 g of compound A. Yield after

RP-chromatography and precipitation: 64%.

EXAMPL.

L1
o

Synthesis of Compound B (Nostopeptin BN920)

(S)-2-acetamido-N"-((1S,2S,5S.,8S,11R,128S,15S,
18S5,21R)-2-benzyl-21-hydroxy-3-(4-hydroxyben-
zyl)-15-1sobutyl-8-1sopropyl-4,11-dimethyl-3,6,9,13,
16,22-hexaoxo-10-oxa-1,4,7,14,17-pentaazabicyclo
[16.3.1]docosan-12-yl)pentanediamide

Reaction Scheme 5:

Compound 9
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-continued

Compound 10

————

|Aldehyde + cyclic hemi-aminals]
Compound(s) 11

Compound B (Nostopeptin BN920)

2A Synthesis of Precursor Peptide 2 by SPPS

Ac-Gin(Trt)-Thr(Val-Tyr(tBu)Me-Phe-Synthon1-H)-
Leu-OH

Equipment:

Peptide-synthesizer equipped with a 250 ml glass-reactor
with frit and manifold for automatic solvent delivery, shaking
and sucking off reagents.

2A(1) Synthesis of Fmoc-Thr-Leu-Trt-Tentagel-S

Fmoc-Leu-Trt-Tentagel-S-Resin (18.7 g loading 0.37
mmol/g (supplied by Rapp Polymere GmBH, Tiubingen/Ger-
many)) were swollen in DMF by shaking for 30 min.

The Fmoc protecting group was cleaved by two subsequent
treatments with 20% piperidine in DMF for 5 min and 135 min

respectively. After resin washing by several alternating
washes with DMF and isopropanol the complete removal of
bases was checked with the absence of a pink color after

Phenolphthalein and water addition to the last washing step.
4’7 g of Fmoc-Thr-OH, 5.26 g of HATU and 1.8 g of

DIPEA were dissolved in 50 ml of DMF. After 5 min of
stlrrmg additional 1.8 g of DIPEA were added. After check-

ing the pH (>11) the mixture was added to the deprotected
resin and shaken for 2 h. The performed Kaiser test was OK

and the resin was washed by several alternating washes with

DMF and 1sopropanol. After drying the resin weight was
19.01 g. A small sample was cleaved and checked by HPLC.
A single main peak showed a successtul conversion.
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2A(2) Synthesis of
Fmoc-Gln(Trt)-Thr-Leu-Trt-Tentagel-S

19.01 g Fmoc-Thr-Leu-Trt-Tentagel-S-Resin (6.6 mmol)

were pre-swollen in DMF and the Fmoc protecting group was
cleaved by two subsequent treatments of 20% piperidine 1n
DMF for 5 min and 15 min respectively. Alter resin washing
by several alternating washes with DMF and 1sopropanol the
complete removal of bases was checked with the absence of a
pink color after Phenolphthalein and water addition to the last
washing step.

8.07 g of Fmoc-Gln(Trt)-OH, 5.01 gof HATU and 3.4 g of

DIPEA were dissolved 1n 50 ml of DMF. After checking the
pH (>11) the mixture was added to the deprotected resin and

shaken for 1.5 h. The performed Kaiser test was OK and the
resin was washed by several alternating washes with DMF
and 1sopropanol. The resulting resin was directly used in the
tollowing step below, only a small sample was cleaved and
checked by HPLC. A single main peak showed successiul
conversion.

2A(3) Synthesis of

Ac-Gln(Trt)-Thr-Leu-Trt-Tentagel-S
The Fmoc-Gln(Trt)-Thr-Leu-Trt-Tentagel-S resin from
above was re-swollen 1n DMF by shaking in DMF for 10 min.
The Fmoc protecting group was cleaved by two subsequent
treatments with 20% piperidine in DMF for 5 min and 15 min
respectively. The resin was washed by several alternating
washes with DMF and isopropanol. Phenolphthaleimn and
water were added to a sample of the final wash solution. The
absence of pink color proved successiul removal of piperi-
dine.

0.774 g of acetic-acid, 6.707 g of PyBOP and 3.33 g of
DIPEA were dissolved 1n 50 ml of DMF. After Checking the
pH (>11) the mixture was added to the deprotected resin and
shaken for 2.5 h. The performed Kaiser test was OK and the
resin was washed by several alternating washes with DMF
and 1sopropanol. The resulting resin was directly used 1n the

tollowing step below, only a small sample was cleaved and

checked be HPLC. A single main peak showed successiul
conversion.

2A(4) Synthesis of Ac-Gln(Trt)-Thr(Val-Fmoc)-Leu-

Trt-Tentagel-S (Previously Named: Ac-Gln(Trt)-Thr

(Val-Fmoc)-Leu-Trt-Tentagel-S) (Side-Chain Esterti-
fication)

The Ac-Gln(Trt)-Thr-Leu-Trt-Tentagel-S resin  from
above was re-swollen 1n DMF by shaking in DMF for 10 min.

8.7 g of Fmoc-Val-OH and 8.3 g of DIPEA were dissolved
in 25 ml of DCM. In parallel 2.76 g of MSN'T were dissolved
in another 25 ml of DCM. Both solutions were combined and
aiter 3 min pre-activation put to the peptide resin and shaken
for 2 h. The resin was washed by several alternating washes
with DMF and 1sopropanol. The resulting resin was directly
used 1n the following step below, only a small sample was
cleaved and checked be HPLC. A single main peak showed
successiul conversion.

2A(5) Synthesis of Ac-GIn(Trt)-Thr(Val-Tyr(tBu)
Me-Fmoc)-Leu-Trt-Tentagel-S (Previously Named:
Ac-Gln(Trt)-Thr(Val-N-me-Tyr(tBu)-Fmoc)-Leu-
Trt-Tentagel-S)

The Ac-Gln(Trt)-Thr(Val-Fmoc)-Leu-Trt-Tentagel-S
resin from above was re-swollen in DMF by shaking in DMF
for 10 min.
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The Fmoc protecting group was cleaved by two subsequent
treatments with 20% piperidine in DMF for 5 min and 15 min
respectively. The resin was washed by several alternating
washes with DMF and isopropanol. Phenolphthalein and
water were added to a sample of the final wash solution. The
absence of pink color proved successiul removal of piperi-
dine.

6.1 gof Fmoc-N-Me-Tyr(tBu)-OH, 4.8 g of HATU and 3.3
g of DIPEA were dissolved 1n 50 ml of DMF. After checking
the pH (>11) the mixture was added to the deprotected resin
and shaken for 2.5 h. The performed Kaiser test was OK and
the resin was washed by several alternating washes with DMF
and 1sopropanol. The resulting resin was directly used 1n the
following step below, only a small sample was cleaved and
checked be HPLC. A single main peak showed successtul

conversion.

2A(6) Synthesis of Ac-Gln(Trt)-Thr(Val-Tyr(tBu)
Me-Phe-Fmoc)-Leu-Trt-Tentagel-S (Previously
named: Ac-Gln(Trt)-Thr(Val-N-me-Tyr(tBu)-Phe-
Fmoc)-Leu-Trt-Tentagel-S)

Ac-Gln(Trt)-Thr(Val-Tyr(tBu)Me-Fmoc)-Leu-Trt-Tenta-
gel-S resin from above was re-swollen 1n DMF by shaking 1n
DMF for 10 min.

The Fmoc protecting group was cleaved by two subsequent
treatments with 20% piperidine in DMF for 5 min and 135 min
respectively. The resin was washed by several alternating
washes with DMF and isopropanol. Phenolphthalein and
water were added to a sample of the final wash solution. The
absence of pink color proved successiul removal of piperi-

dine.
9.66 g of Fmoc-Phe-OH, 9.48 g of HATU and 6.4 g of

DIPEA were dissolved 1n 100 ml of DMF. After checking the
pH (>11) the mixture was added to the deprotected resin and
shaken for 2 h. The performed Kaiser test was OK and the
resin was washed by several alternating washes with DMF
and 1sopropanol. The resulting resin was directly used in the
following step below, only a small sample was cleaved and
checked be HPLC. A single main peak showed successiul
conversion.

2A(7) Synthesis of Ac-GIn(Trt)-Thr(Val-Tyr(tBu)
Me-Phe-Synthon1-H)-Leu-OH (Previously Named:
Ac-Gln(Trt)-Thr(Val-N-me-Tyr(tBu)-Phe-Synthon1-
H)-Leu-OH) (=Precursor Peptide 2)

Ac-Gln(Trt)-Thr(Val-Tyr(tBu)Me-Phe-Fmoc)-Leu-Trt-
Tentagel-S resin from above was re-swollen in DMF by shak-
ing in DMF for 10 min.

The Fmoc protecting group was cleaved by two subsequent
treatments with 20% piperidine in DMF for 5 min and 15 min
respectively. The resin was washed by several alternating
washes with DMF and isopropanol. Phenolphthalein and
water were added to a sample of the final wash solution. The
absence of pink color proved successiul removal of piperi-
dine.

6.77 g of Synthonl 5.9 g of PyBOP and 2.95 g of DIPEA
were dissolved 1 100 ml of DMF. After checking the pH
(>>11) the mixture was added to the deprotected resin and
shaken for 2 h. The performed Kaiser test was OK and the
resin washed by several alternating washes with DMF and
1sopropanol. After taking a small sample for a HPLC check,
the Fmoc protecting group was cleaved by two subsequent
treatments with 20% piperidine in DMF for 5 min and 135 min
respectively. The resin was washed by several alternating
washes with DMF and 1sopropanol. Finally the resin was
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washed two times with DCM. Cleavage of the synthesized
peptide from the resin was achieved by shaking 1n a mixture
of 80% of acetic acid 1n DCM over night. The resulting
peptide solution was filtered off and the resin was washed two
times with DCM. The combined filtrates were evaporated and
finally purified by RP-chromatography using a gradient sys-
tem. The collected fractions were analyzed by HPLC and the
pure Iractions were pooled, evaporated and finally lvo-
philized.

Yield: 3.54 g (42%) Precursor peptide 2.

HR-MS: Calculated for CgiH,,NiO, ;51
=1477.78779. Found: [M+H]|"™=1477.78691.

[M+H]"

2B Synthesis of Compound B

(S)-2-acetamido-N"'-((18,2S,5S,8S,11R,128,15S,
185,21R)-2-benzyl-21-hydroxy-35-(4-hydroxyben-
zy1)-15-1sobutyl-8-1sopropyl-4,11-dimethyl-3,6,9,13,
16,22-hexaoxo-10-0xa-1.,4,7,14,17-pentaazabicyclo
[16.3.1]docosan-12-yl)pentanediamide

2B(0) Synthesis of Compound 9

(S)-2-acetamido-N"-((3S,6S,9S,12S,15S,18S,19R)-
9-benzyl-6-(4-(tert-butoxy )benzyl)-12-(3-((tert-bu-
tyldiphenylsilyl)oxy)propyl)-15-1sobutyl-3-1sopro-
pyl-7,19-dimethyl-2,5,8,11,14,17-hexaoxo-1-0xa-4,
7,10,13,16-pentaazacyclononadecan-18-yl)-N°-

tritylpentanediamide

The lactamization of Precursor peptide 2 to obtain Com-
pound B was performed under similar conditions described
tfor the preparation of Compound 6. The product, Compound
9, was fully characterized by IR, NMR and MS. The spectra
confirmed the proposed structure.

HR-MS: Calculated for Cg4.H,,<N:O,,S1:
1459.77723; [M+NH,]": 1476.80377. Found:

1459.7771 9, [M+NH_]": 1476.80291.

M+H]*:
M+H]*:

2B(1) Synthesis of Compound 10

(S)-2-acetamido-N"-((3S,6S,9S,12S,15S,18S,19R)-
9-benzyl-6-(4-(tert-butoxy)benzyl)-12-(3-hydrox-
ypropyl)-15-1sobutyl-3-1sopropyl-7,19-dimethyl-2,5,
8,11,14,17-hexaoxo-1-oxa-4,7,10,13,16-
pentaazacyclononadecan-18-y1)-N>-
tritylpentanediamide

The de-silylation reaction to obtain compound 10 was per-
tormed under similar conditions described for the preparation
of compound 7. The product was fully characterized by IR,
NMR and MS. The spectra confirmed the proposed structure.

HR-MS: Calculated for C,HgNO,,: [M+H]™:
1221.65945; [M+NH_]": 1238.6860; [M+Na]™: 1243.64139.
Found: [M+H]™: 1221.65894; [M+NH,]": 1238.68518;
{M+Nal*: 1243.64001.

2B(2) Synthesis of Compound 11 (Aldehyde)

(S)-2-acetamido-N"'-((3S,6S,9S,12S,15S,18S,19R)-
9-benzyl-6-(4-(tert-butoxy )benzyl)-13-1sobutyl-3-
1sopropyl-7,19-dimethyl-2,5,8,11,14,17-hexaoxo-12-
(3-oxopropyl)-1-oxa-4,7,10,13,16-
pentaazacyclononadecan-18-y1)-N>-
tritylpentanediamide

The oxidation of Compound 10 to obtain Compound 11
was performed under similar conditions described for the
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preparation of Compound 8. LC-MS analysis showed several
peaks with the desired mass, indicating the presence of a
mixture of the aldehyde, 5-ring-hemiaminale and 6-ring-

hemiaminale. The mixture was used as such for the next step.
HR-MS (major peak): Calculated for C HgyN,O, 2:

[M+H]*: 1219.64380; [M+NH,]*: 1236.67035; [M+Na]*:
1241.62574. Found: [M+HJ* 1219.64404: [M+NIL]*
1236.67053; {M+Na]*: 1241.62524.

2B(3) Synthesis of Compound B (Nostopeptin
BN920) from Compound 11

(S)-2-acetamido-N'-((1S,2S,5S,8S,11R,128S,158S,
185,21R)-2-benzyl-21-hydroxy-35-(4-hydroxyben-
zy1)-15-1sobutyl-8-1sopropyl-4,11-dimethyl-3,6,9,13,
16,22-hexaoxo-10-oxa-1.,4,7,14,17-pentaazabicyclo
[16.3.1]docosan-12-yl)pentanediamide

Compound(s) 11 (1.0 g, 0.82 mmol) was dissolved 1n
dichloromethane (200 mL). Trifluoroacetic acid (37.8 g) was
added at 15 to 25° C. during 10 minutes and the reaction

mixture was stirred for 45 hours at room temperature. The
reaction mixture was then diluted with dichloromethane (200
ml.) and water (10 mL) was added. Stirring was continued for
additional 24 hours at room temperature. The reaction mix-
ture was poured onto a saturated aq. NaHCO,-solution (700
ml) within 20 minutes and dichloromethane (500 mL), 1so-
propanol (50 mL) and water (300 mL) were added sequen-
tially. The layers were separated and the aqueous layer was
extracted with a solution of 1sopropanol (30 mL) 1n dichlo-

| the

romethane (500 mL). The layers were again separated and

aqueous layer was extracted several times with dichlo-
romethane (5x300 mL). The organic layers were combined
and the solvent was evaporated under reduced pressure to
obtain crude product mixture (1.0 g), comprising the desired
Nostopeptin BN920 along with trityl alcohol and other
byproducts of the reaction. The crude product was purified by
silica gel chromatography with dichloromethane/isopropanol
as mobile phase to obtain pure Nostopeptin BN920 (212 mg,
7% (A) punity). Collection of less pure fractions gave addi-
tional 402 mg Product with 90% (A) punty. Yield from all
fractions: 614 mg (81%). The product was fully characterized

by IR, NMR and MS. The spectra confirmed the proposed
structure.

HR-MS:
021.471635;
Found:
IM+Nal™

Calculated for C,H.N.,O,,: [M+H]:
[M+NH,]": 938.49820; [M+Na]™: 943.45359.
[M+H]™: 921.47167; [M+NH,]": 938.49861;

: 943.45337.

EXAMPLE 3

Shift of Equilibrium

Reaction Scheme 4 shows the presence of the dehydrate
form of Compound A. It has now been discovered that this can
be converted easily (back) into Compound A using a simple
procedure for hydration of the dehydrate form depicted in the
following reaction scheme:
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Reaction Scheme 6:

Compound A

A

CH,Cl,/TFA/H,O | |CH,Cl,/TFA

Y

OH

Compound A-Dehydrate

This allows to improve the yield of Compound A 1n any

type of synthesis (be 1t chemical as 1n the present disclosure or
by use of fermentation as 1n W02009/024527).
For example, during cleavage of acid sensitive protecting

groups 1n a compound comprising the ahp-subunit, e.g. Com-

pound A in Example 1, the formation of large amounts of the
corresponding dehydrated byproduct i1s observed. This
byproduct 1s usually separated e.g. by chromatography and
disposed. This leads to loss of valuable product and to low

yield for this step. For example, 11 the oxidation product(s) of
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Compound 8 are subjected to acidic conditions to cleave the
trityl- and t-butyl protecting groups (scheme 4), significant
amounts ol Compound-A-dehydrate are formed as byprod-
uct. Depending on the acid concentration and reaction con-
ditions, Compound-A-dehydrate might be formed even as

major product in this product mixture.

For example, a ratio Compound A/Compound A-dehydrate
(1:2) was

romethane (5:95 v/v) was used to cleave the protecting groups

observed when trifluoroacetic acid/dichlo-

alter the oxidation step (Example 1).

It was therefore searched for ways to convert the dehydrate
byproduct into the desired product. It has now been found that
this can be achieved by acid catalyzed equilibration of the
product mixture in the presence of water under well defined
conditions. Addition of water to the reaction mixture of
example 1 and subsequent stirring at room temperature for 19
h gave a product mixture with a ratio Compound A/Com-
pound A-dehydrate of ca. 96:4. Thus, addition of water to the
reaction mixture after the acid-catalyzed de-protection step
(scheme 4) changed the ratio of Compound A/Compound
A-dehydrate from (1:2) under water free conditions to (96:4)

alter water addition and equilibration.

The formation of Compound A-dehydrate from Compound
A under acidic de-protection conditions was confirmed by
conversion of pure Compound A into Compound A-dehy-
drate using trifluoroacetic acid in DCM. Treatment of Com-
pound A with 33% (v/v) TFA 1 DCM for 2 h at room tem-
perature gave a product mixture of Compound A-dehydrate/
Compound A 1n a ratio of 78:22 according to HPLC. The
dehydration could be driven to >95% conversion, when water
absorbing agents, such as molecular sieves were added to the
reaction mixture. Thus, stirring of pure Compound A m a 1:2
mixture of TFA/DCM 1n the presence of molecular sieves
gave the dehydrated-product 1n quantitative crude yield and
ca. 96 area % HPLC purity (example 3B). There were still ca.

4 area % of Compound A present 1n the crude product.

Conversion of Compound A-dehydrate from Example 3B
into Compound A was demonstrated by stirring Compound

A-dehydrate 1n dichloromethane 1n the presence of trifluoro-

acetic acid and water (Example 3C). The product thus
obtained comprised 95.6 area % Compound A and only 4.4
area % Compound A-dehydrate according to HPLC.
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Reaction Scheme 7:

70

Compound 8

CH2C12/TFAlDe—pmtectiGn

O O NH
O
HN\/“\ o
+ : B O
O " N\
H
O
H>N O
OH
Compound A Compound A-Dehydrate

+ CH2C12

+ H50
Y

Compound A

Experimental details for Example 3

3A

23 mg product mixture from oxidation (compound 8 and
cyclic aminals derived from it) was dissolved in DCM (5.7

ml) and TFA (0.3 mL) was added to the solution under

intensive stirring. The reaction mixture was stirred for 5 h at
room temperature, until an IPC(HPLC) indicated complete
cleavage of the protecting groups. Compound A and Com-
pound A-dehydrate were present 1n the reaction mixture 1n a
ratio of 1:2, along with additional byproducts. The reaction
mixture was diluted with DCM (5.7 mL) and the intensively
stirred solution was treated with water (0.23 mL). HPLC after
19 h stirring time at room temperature indicated a ratio 01 96:4
tor Compound A/Compound A-dehydrate.

For workup, the reaction mixture was poured onto a solu-
tion of sodium acetate (1.62 g) in water (23 mL) and ethyl
acetate (35 mL) was added. The phases were separated and
the organic layer was extracted with water (2x25 mL). The
water layers were extracted with ethyl acetate (35 mL ) and the
organic layers were combined. The solvent was evaporated at
reduced pressure to obtain 22 mg of crude product as a foam.
The crude product was purified by tlash chromatography on
silica gel with ethyl acetate/methanol 95:5 to 90:10 to obtain
Compound A 1n 96.8 area % purity, accompanied by 1.8 area
% of the 5-ring 1somer.

3B

Compound A (250 mg) was dissolved 1n dichloromethane
(10 mL) and trifluoroacetic acid (5 mL) was added, followed
by the addition of molecular sieves (1 g). IPC(HPLC) after 1
h indicated a ratio of 17:83 for Compound A/Compound
A-dehydrate. The reaction mixture was stirred for a total o172
h at room temperature. For workup, the molecular sieves were
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removed by filtration and the solution was poured onto satu-
rated aq. NaHCO,-solution. The aqueous layer was extracted
with ethyl acetate (50 mL). The organic phase was washed
with water (20 mL) and the solvent was evaporated at reduced
pressure and the residue was dried in vacuo to obtain quanti-
tative yield (245 mg) crude product as a foam. HPLC analysis

of the crude product indicated the presence of Compound
A/Compound A-dehydrate at a ratio of ca. 4:96 area %. HR-

MS: calculated for C,.H,,N.O,, [M+H]™=911.52368,
[M+NH4]"=928.55023, [M+Na]+=933.50563. Found
IM+H]"=911.52372, [M+NH4]"=928.55029, [M+Na]"

=933 .50538. The structure of Compound A-dehydrate was
confirmed by 'H-NMR.

'"H-NMR (600 MHz, d.-DMSO) §,,: 0.06 (3H, d, ]=6.6
Hz), 0.67 (3H, t,J=7.3 Hz), 0.70 (3H, d, I=7.0 Hz), 0.77 (3H,

d, J=6.6 Hz), 0.81 (1H, m), 0.87 (6H, m), 1.00 (3H, d, J=7.0
Hz), 1.02 (3H, d, J=7.0 Hz), 1.06 (1H, m), 1.16 (3H, d, J=6.5
Hz), 1.17 (1H, m), 1.30 (1H, m), 1.41 (1H, m), 1.53 (1H, m),

1.74 (2H, m), 1.91 (2H, m), 2.01 (1H, m), 2.11 (2H, m), 2.45
(3H, m), 2.73 (3H, s), 2.74 (1H, m), 3.18 (1H, m), 4.32 (2H.,
m), 4.50 (1H, m), 4.54 (1H, m), 4.64 (1H, d, 1=9.5 Hz), 4.77
(1H, d, J=11.0 Hz), 5.18 (1H, m), 5.26 (1H, m), 5.42 (1M, q.
1=6.6 Hz), 6.25 (1H, d, 1=7.3 Hz), 6.32 (1H, d, J=7.7 Hz),
6.67 (2H, d, J=8.4 Hz), 6.75 (1H, s), 7.04 (2H, d, ]=8.4 Hz).
7.25 (1H, s), 7.30 (1H, d, J=8.8 Hz), 7.89 (1H, d, J=9.2 Hz),
7.98 (1H, d, J=8.1 Hz), 8.50 (1H, d, 1=8.4 Hz), 9.24 (1M, s).

3C

Compound A-dehydrate (110 mg) from example 2 was
dissolved in DCM (20 mL). TFA (1 g) and water (0.2 mL)
were added and the reaction mixture was stirred for 20 h at
room temperature. For workup, the reaction mixture was
poured onto ethyl acetate (50 mL) and the ethyl acetate solu-
tion was extracted with a saturated aq. NaHCO,-solution (50
mlL). The organic layer was extracted with water (20 mL) and



US 8,614,289 B2

71

the solvent was evaporated. The residue was dissolved in
cthyl acetate/isopropanol 9:1 (20 mL) and the solution was
clear filtered over a 0.45 micrometer filter. The solvent was
evaporated under reduced pressure and the residue was dried
in vacuo at 45° C. to obtain 100 mg crude product. HPLC

analysis indicated the presence of ca. 95.6 area % Compound
A and ca. 4.4 area % Compound A-dehydrate.

The invention claimed 1s:

1. A method or process for the preparation of a cyclic
depsipeptide compound of the formula I,

O
H
W)A,N :
Rj3
O NH N
A R,
~ E R, O OH o
O N
; o
O R,

wherein

A, 1s a bivalent moiety of an amino acid with a terminal
carboxy or carbamoyl group, and i1s bound at its right
hand side in formula I via a carbonyl to the rest of the
molecule; or 1s C, s-alkanoyl or phosphorylated
hydroxy-C, _-alkanoyl;

X 1s bound via an N of A, and 1s acyl, or 1s absent if A 1s
C, q-alkanoyl or phosphorylated hydroxy-C, ;-al-
kanoyl;

R, 1s C, _s-alkyl;

R, 1s the side chain of leucine, 1soleucine or valine;

R 1s the side chain of phenylalanine leucine 1soleucine or
valine;

R, 1s the side chain of a hydroxy amino acid;

R, 1s the side chain of the amino acid leucine, 1soleucine or
valine; and

Y 1s hydrogen or C, ;-alkyl;

or a salt thereof,

said method comprising

selectively deprotecting a compound of the formula II

I

OProt
9
. O
R3
N
H
O NH NTT
Rs"
Al R,
. . OH
X" N R O O
H
O N
N Ny
H
O R¢
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wherein Prot 1s a protecting group, Y 1s as defined for a
compound of the formula I and X*, A *, R, *, R;*, R.*,
R*, and R-* correspondto X, A, R,,R;, R, R, and R,
in formula I, respectively, but with the proviso that reac-
tive functional groups on these moieties are present in
protected form at least 1f they could participate 1n undes-
ired side reactions, to result 1n a compound of the for-
mula II1,

(I1T)

w*

NH
Rs"
a:f ""'--. 4=

wherein X*, A * R,™, R * R.* R.* and R,* have the
meanings defined above,

reacting the free hydroxyl group under oxidizing condi-
tions to form a compound of the formula IV

A%

w)L :
N

< RS*

$/' *-... OH 5

N
Sy
H
O R¢’

and removing remaining protecting groups to yield a com-
pound of the formula I, or a salt thereof,

and, optionally, converting a free compound of the formula
I into a salt, a salt of a compound of the formula I 1nto a
different salt of a compound of the formula I or into the
free compound of the formula I and/or converting a
dehydrated analogue of a compound of the formula I
into the corresponding compound of the formula I; and

turther comprising, for the synthesis of a compound of the
formula II, reacting a compound of the formula VI,
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VI
OProt
O
) O
R3
N
H
O NH NH
RS
R, $
H,N R7 O O
O N
N Ny
H
O R¢*

wherein Prot 1s a protecting group, Y 1s as defined for a
compound of the formula I and R, *, R;*, R.*, R *, and
R, * are as defined for a compound of the formula II, with
an acid of the formula VII

VIl

or a reactive derivative thereof,

wherein X** 1s an amino protecting group or 1s X*, and
wherein X* and A, * are as defined for a compound of the
formula II; and, if X** 1s an amino protecting group,
removing said amino protecting group X** to yield H
instead of X* and coupling the resulting amino group
with an acyl group X* using the corresponding acid
X*—OH wherein C* 1s as defined for a compound of the
formula 11, or a reactive derivative thereof.

2. The method or process according to claim 1, further

comprising cyclization under lactamization of a linear pre-
cursor peptide of the compound of the formula VI, carrying an
N-terminal amino group and a C-terminal carboxy group,
under reaction conditions that allow for the formation of an
amide bond from said amino and said carboxy group.

3. The method or process
linear precursor peptide 1s o

according to claim 2, where the
f the formula VIII,

VIII

OProt
O
R;’ OH O
>N
O NH N
Rs",
R, *
Prot"NH R7 O O
O N
N Ny
0
O R¢’

wherein Prot™ 1s a protecting group that can be cleaved off

selectively without af

‘ecting other protecting groups

74

present and 1s stable during deprotection steps during
synthesis of the linear precursor peptide and R, *, R, *,
R.*, R*, and R, * are as defined for a compound of the
formula VI 1n claim 2, further comprising, after cyclisa-
tion of the compound of the formula VIII, removing the

protecting group Prot™ in situ to yield the compound of
the formula V1.

4. The method or process according to claim 3, where the

.o linear precursor peptide of the formula VIII, 1s synthesized
from the corresponding amino acids by solid phase peptide
synthesis and subsequent cleaving-oif from the employed
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solid phase.

5. The method according to claim 4, comprising either

in a variant a), coupling an amino acid of the formula IX,

IX

Prot. NH

OH

wherein R;* 1s as defined for a compound of the formula I1
in claim 1 and Prot** 1s an amino protecting group that
can be removed on the resin without cleaving other
bonds, or a reactive derivative of said amino acid, via an
oxygen to a cleavable linker L. which 1s bound to a solid
resin RES,

and removing the protecting group Prot™*;

coupling the obtained resin bound amino acid symbolized
by the formula X,

H,N

RES

in which RES and R, * are as defined for a compound of the
formula IX, n 1s a natural number and L 1s a cleavable
linker, with an amino acid of the formula X1,

Xl

Prot' NH

OH

wherein Prot* 1s as defined for a compound of the formula
VIII 1n claim 5 and R, * 1s as defined for a compound of
the formula II 1n claim 1, or a reactive derivative of said
amino acid, coupling the obtained resin bound dipeptide
symbolized by the formula XII,
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X1I
R3’ O
0 7\'<
NH O—L——RES
R,
Prot' NH
B OH ap

in which Prot™ 1s as defined for a compound of the formula
VIII 1n claim 5, R,* and R;* are as defined for a com-
pound of the formula Il 1n claim 1, and n, L and RES are
as defined for a compound of the formula X, via the free
hydroxy group with an amino acid of the formula XIII,

XIII

HO
NH-Prot**

wherein Prot™* 1s as defined for a compound of the formula
IX and R, * 1s as defined for a compound of the formula
II 1n claim 1, or a reactive derivative of said amino acid,
and removing the protecting group Prot™*;

or, in a variant b), coupling a dipeptide of the formula
XXVII,

XXVII

Prot*NH R+

NHProt**

wherein R ,* and Prot™* are as described tor acompound of
the formula IX, and Prot* 1s as defined for a compound
of the formula VIII in claim 3, or a reactive derivative of
said dipeptide, to an amino acyl moiety, bound via an
oxygen to a cleavable linker L which 1s bound to a solid
resin RES, having the formula X,

that can be obtained as described under variant a), in which

RES, and R;* are as defined for a compound of the
formula IX and L and RES are as just defined;

and removing the protecting group Prot™*;

and, after the reactions of variant a) or of variant b), cou-
pling the obtained compound of the formula X1V,
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_ . X1V
R;"
O
O
NH
O—L—RES
R, *
Prot*NH R~
O
NH,
O

wherein R,*, R;* and R, * are as defined for a compound of
the formula II 1n claim 1, Prot™* 1s as defined for a com-
pound of the formula VIII 1n claim 3 and n, L. and RES
are as defined for a compound of the formula X, with an

amino acid of the formula XV,

XV
O Prot®*

HO Y

R¢*

in which R.* and Y are as defined for a compound of the
formula II 1 claim 1 and Prot** i1s as defined for a
compound of the formula IX, or a reactive dervative of
said amino acid, and removing the protecting group
Prot™*:

coupling the obtained compound of the formula XV]I

X VI
- o _
R;
O
O—1L RES
NH
R, *
Prot*NH R~ O }‘I
O N
N Ny
H
O R¢

wherein Y, R,*, R;*, R,* and R/* are as defined for a

compound of the formula II in claam 1, Prot* is as
defined for a compound of the formula VIII 1n claim 3
and n, L. and RES are as defined for a compound of the
formula X, with an amino acid of the formula XVII,

XVII

Prot** NH Rs

HO

wherein R.* 1s as defined for a compound of the formula I1
in claim 1 and Prot™** 1s as defined for a compound of the
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formula IX, or a reactive derivative of said amino acid,
and removing the protecting group Prot™*,

and finally coupling the resulting compound of the formula
XVIII,

X VIII
RB* O L RES
o) \(
NH O LN R;
Prot*NH

whereinY, R, *, R;*, R.*, R.* and R.* are as defined for a
compound of the formula II in claim 1, Prot* is as
defined for a compound of the formula VIII 1n claim 3
and n, L. and RES are as defined for a compound of the
formula X, to a synthon of the formula XIX,

Prot**
™~ NH

HO OProt
O

wherein Prot 1s as defined for a compound of the formula I1
in claim 1 and Prot** 1s as defined for a compound of the
formula IX, or an activated derivative of said synthon,
and removing the protecting group Prot™* to yield a
compound of the formula XX,

—RES

Prot*NH

Lz,
v

wherein Prot, Y, R,*, R *, R *, R* and R.* are as defined
for a compound of the formula II in claim 1, Prot™ 1s as
defined for a compound of the formula VIII 1n claim 3
and n, L. and RES are as defined for a compound of the
formula X,

and cleaving the solid phase bound peptide 1n formula XX
off the solid phase L-RES to yield the corresponding
compound of the formula VIII, as shown 1n claim 5.
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6. The method or process according to claim 1, further
comprising, for the synthesis of the compound of the formula
II of claim 1, cyclizing under lactamization of a linear pre-
cursor peptide of the compound of the formula II, carrying an
N-terminal amino group and a C-terminal carboxy group,
under reaction conditions that allow for the formation of an
amide bond from said amino and said carboxy group.

7. The method or process according to claim 6, where the
linear precursor peptide 1s of the formula XXV,

XXV
OProt
O
* OH
Rj
O
H->N
O NH 2
NH s
R
2 R % \/ 5
Al 2
. )
X ~N R; 0 -
8| /—O
O N
NJ\( \'Y
H
O R¢"

wherein X*, A * R, * R * R.* R *, R,* and Prot are as
defined for a compound of the formula II 1n claim 1.

8. The method or process according to claim 7, further

comprising, for the synthesis of the compound of the formula
XXV, cleaving a compound of the formula XXIV,

XXIV

O—L RES

O Prot

| C«

Prot**NH

| wH\J‘\r

wheremn X*, A, *, R,*, Ry*, R.*, R *, R,* and Prot are as
defined for a compound of the formula Il inclaim 1, L 1s
a cleavable linker, RES 1s a solid resin, n 1s a natural
number and Prot™* 1s an amino protecting group that can
be removed without parallel removal of the protecting
group Prot and with the product remaining on the resin,
and (before the cleavage, 1n parallel or subsequently to
it) removing the protecting group Prot** to vyield the
compound of the formula XXV,

9. The method or process according to claim 8, further
comprising, for the synthesis of the compound of the formula
XXIV, coupling an amino acid of the formula XIX,
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Prot**
™~ NH

HO OProt,

wherein Prot 1s as defined for a compound of the formula 11
in claim 1 and Prot™* 1s as defined for a compound of the
formula XXIV 1n claim 8, or an activated derivative of
said amino acid, with a compound of the formula XXIII,

H,N

R, *
r& R O 0
O N
H
O R¢

wherein X*, A,*, R,*, R;* R.* R * and R,* are as
defined for a compound of the formula Il in claim 1, L 1s
a cleavable linker, RES 1s a solid resin, and n 1s a natural
number.

10. The method or process according to claim 9, further
comprising, for the synthesis of the compound of the formula
XXIII, coupling an amino acid of the formula XVII*

XVII*

Prot***-NH Rjs

HO

wherein R * 1s as defined for a compound of the formula II
in claim 1 and Prot™** 1s an amino protecting group that
can be cleaved off selectively without affecting other
protecting groups present and with the product remain-
ing on the resin, or a reactive dermvative of said amino
acid, with a compound of the formula XXII,
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XXII
_ ’ _
R;"
) } J&
NH O—L—RES
A#:
x*”” l"“‘N H
H

R*
RS 0O
O N
\H/J\NJ\( \Y
H
O R¢’

wherein X*, A, *, R,*, R;*, R.* and R, * are as defined for
a compound of the formula II 1n claim 1, L 1s a cleavable
linker, RES 1s a solid resin, and n 1s a natural number, and
removing the protecting group Prot™**,
11. The method or process according to claim 10, further
comprising, for the synthesis of the compound of the formula
XXII, coupling an amino acid of the formula XV*,

XV*

HO Y

R6=I=

in which R * and Y are as defined for a compound of the
formula Il 1n claim 1 and Prot®** 1s an amino protecting
group that can be cleaved off selectively without atfect-
ing other protecting groups present and with the product
remaining on the resin, or a reactive derivative of said
amino acid, with a compound of the formula XXI,

B B XXI
R;
O
O
NH
O— L ——RES,
AL R, *
X N R7
H
O
NH,
O
— —

wherein X*, A, *, R,*, Ry;* and R,* are as defined for a
compound of the formula II 1n claim 1, L 1s a cleavable

linker, RES 1s a solid resin, and n 1s a natural number, and
removing the protecting group Prot™**,
12. The method or process according to claim 11, further
comprising, for the synthesis of a compound of the formula
XXI, reacting an amino acid of the formula XIII*,




US 8,614,289 B2

81

XIIT*

HO
NH—Prot***

wherein Prot™** 1s an amino protecting group that can be
cleaved off selectively without affecting other protecting
groups present and with the product remaining on the
resin, and R-* 1s as defined for a compound of the
formula II 1n claim 1, or a reactive derivative of said
amino acid,

with the hydroxyl group of a compound of the formula
XXVI,

B B XXVI
R;”
0O
0O
NH
O—1— RES
x*” Al""“N 2
H
B O 1

wherein X*, A, *, R,™ and R;* are as defined for a com-
pound ofthe formulallinclaim 1, L 1s a cleavable linker,
RES 15 a solid resin, and n 1s a natural number;

and removing the protecting group Prot™**,

13. The method or process according to claim 12, further
comprising, for the synthesis of a compound of the formula
XXVI, coupling a resin bound dipeptide symbolized by the
formula XII*,

B XII*
R;"
O
O
NH
O—L——RES
R,
Prot****NH
OH 1,

in which Prot®** is a protecting group that can be cleaved
ofl selectively without affecting other protecting groups
present 1n a compound of the formula II as defined in
claim 1 and with the product remaining on the resin, R, *
and R,* are as defined for a compound of the formula II
in claim 1, L 1s a cleavable linker, RES 15 a solid resin,
and n 1s a natural number, after removal of the protecting
group Prot™*** via the thus obtained free amino group,
with an acid of the formula VII

VII
b
X,F,FfAlm

wherein X** 1s an amino protecting group or 1s X*, and
wherein X* and A, * are as defined for a compound of the
formula Il in claim 1, or areactive derivative of said acid;
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and, 1f X** 1s an amino protecting group, removing said
amino protecting group X** to yield H instead of X* and
coupling the resulting amino group with an acyl group
X*using the corresponding acid X*—OH whereimn X* 1s
as defined for a compound of the formula Il in claim 1, or

a reactive derivative of said acid.
14. The method or process according to claim 13, further
comprising, for the synthesis of a compound of the formula

XII, coupling a resin bound amino acid symbolized by the
formula X,

O—L-T—RES

wherein R, * 1s as defined for a compound of the formula II
in claim 1, L 1s a cleavable linker, RES 1s a solid resin,
and n 1s a natural number, with an amino acid of the

formula XT*,

XI*

Prot* s NH™

wherein Prot™*** 1s a protecting group that can be cleaved
oif selectively without affecting other protecting groups
present and with the product remaining on the resin, and
R,* 1s as defined for a compound of the formula II 1n
claim 1, or a reactive derivative of said amino acid.
15. The method or process according to claim 14, further
comprising, for obtaining the resin bound amino acid of the
formula X, coupling an amino acid of the formula IX*,

[X*
R3*

O
Prot®***NH

OH

wherein R, * 1s as defined for a compound of the formula I1
in claim 1 and Prot®** 1s an amino protecting group can
be cleaved off selectively without affecting other pro-
tecting groups present and with the product remaining
on the resin; or a reactive derivative of said amino acid of
the formula IX, to ahydroxy group bound via a cleavable
linker I, which 1s bound to a solid resin RES, and remov-
ing the protecting group Prot™**,

16. The method or process according to claim 1, where the
symbols A, R,, R;, R, R, R, X andY or the corresponding
unprotected or protected moieties R,*, R;*, R.*, R *, R, *,
X* and Y3 are selected so that, 1n the resulting compound of
the formula I, or a salt thereof,

A, 1s the bivalent radical of L-glutamine bound via the
carbonyl of 1ts a-carboxyl group to the amino group at
the right of A, 1n formula I and via its a-amino group to
X, or 1s 25-(2-hydroxy-3-phosphonooxy)-propionyl;
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R, 1s methyl;

R, 1s 1sopropyl or 1sobutyl;

R, 1s sec-butyl or benzyl;

R 1s 4-hydroxybenzyl;

R, 1s 1sopropyl or sec-butyl;

X 1s acetyl or 1sobutyryl, or 1s absent if A, 1s 2S-(2-hy-
droxy-3-phosphonooxy)-propionyl and

Y 1s methyl.

17. A method or process for converting a dehydrate of a 10

compound of the formula I given 1n claim 1 into the corre-

sponding compound of the formula I, where the dehydrate has

the formula V,

15
v
O
N
R, O
20
0 NH N R«
Al R,
X..-f"" ""-.N R-}, O O:
H
O N 25
N Ny
H

in whichY, X, A,, R,, R, Rs, R, and R, are as defined for 3"
a compound of the formula I 1n any one of claims 1 and
16;

34

and/or its corresponding hemiaminal analogue with a five-
ring instead of the ahp structure in formula I which may
also be formed as byproduct and has the formula V*,

‘T NH

Rs,

A R
-~ IMN/\< 2 R~ O 0
H
O N
N)H/ \.Y
H
O Rg¢

in whichY, X, A, R,, R;, R, R and R, are as defined for
a compound of the formula I 1n any one of claims 1 and
16, respectively;

or a method or process for shifting the equilibrium of a
mixture of a compound of the formula I and 1ts corre-
sponding dehydrate and/or hemiaminal in favor of the
compound of the formula I,

said method or process comprising using an aqueous acid
as reactive solvent to drive the reaction.

18. The method according to claim 17, wherein the acid 1s

X

a carboxylic acid.
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